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LETTER OF TRANSMITTAL. 



Office of the Geological Survey, 
Jefferson City, Miss.ouri, 

December 17th, 1892. 

To the President, Governor David R. Francis, and the members of the 
Board of Managers of the Bureau of Geology and Mines: 
Gentlemen — I have the honor to transmit, herewith, a Report upon 
the Iron Ores of Missouri, by Mr. Frank L. Nason, assistant geologist. 
During the progress of the earlier surveys of the State the iron ores 
have been subjects of more or less attention. In Part II, of the Report 
of 1854, the two important iron mines of southeastern Missouri, the 
Iron mountain and Pilot Knob deposits, were described by Dr. Litton. 
In Chapters III. , IV., V. and VI. of the Report of 1872, or what is known 
as the Pumpelly Report, the iron ores of tjie State received fuller 
treatment than ever before, by Dr. Adolph Schmidt. These chapters 
covered the iron ores of the porphyry region, the specular ores in sand- 
stone, the red hematites and the deposits of limonite in limestone. In 
the Report of 1873-74, or the Broadhead Report, the limonites of 
southeastern Missouri are described. 

The fact that these ores had already received a good share of atten- 
tion in these earlier reports influenced the present Survey to delay their 
further examination until other subjects, which had received, heretofore, 
less study and which demanded notice, had been provided for. During 
the past few years, however, there has been a noticeable and lamentable 
decline in the iron industry of the State. Reference to Appendix B, 
at the end of this Report, will show the extent to which the iron ore pro- 
duction of the State has fallen off. Missouri, from having been in the 
year 1880 the sixth State in the Union in the production of iron ores, 
has now fallen to the rank of the thirteenth State. 

It was largely in recognition of the fact of this decline of Missouri's 
iron industry that the investigation of the iron deposits of the State was 
resumed in 1891. It was thought that a careful study of the region in 
which the various ores occur, -Wad by the light thrown upon the 
deposits by the deveiopmenfltfiifl v years which have elapsed 

since the last rep* '* would be reached which 
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would lead to the discovery of new ore deposits. How far and in what 
manner these anticipations have been realized will be detailed in the 
following pages. 

Mr. Nason began work for the Survey early in the summer of 1891. 
His field work was completed and the greater part of his report written 
by the end of the summer of the year 181)2. As is self-evident, such 
an amount of work could not be accomplished in so short a period without 
a thorough knowledge of the subject and a mastery of the methods of 
work, combined wi*h unflagging industry. Mr. Nason exhibited all of 
these qualities and lie is to be complimented and the State to be 
congratulated upon the product of this short period of work. 

In the first part of the report Mr. Nason describes, in successive 
chapters, the various classes of ores, entering into detail with certain 
types of each class and discussing quite fully the origin and general 
geology of the different kinds of deposits. His theoretical deductions 
concerning the sources of the iron ores and their modes of accumula- 
tion are of the most direct value in the future development of the ores. 
Although they may be termed by some, mere theories, they are theories 
based upon a careful observation and study of all the available facts. 
Such study is the only sound basis of knowledge, and the conclusions 
reached by it are always worthy of respect. It is true that sufficient 
facts are not always available for an absolute certainty to be reached ; 
at times a conclusion may be considered to rank as high as a certainty ; 
at other times it may deserve to rank merely as a suggestion. In all 
cases it is the best that can be obtained and in this light is always 
valuable. Correspondingly the results reached in this report are of 
variable value. Some conclusions which Mr. Nason has reached he 
shows arc indubitable and can be followed without hesitation ; others he 
offers as mere suggestions, such alone as the meager supply of facts 
will allow of. 

The second part of this Report consists entirely of 9hort descriptions 
of the more prominent iron ore localities of the State, visited and 
examined by various members of this and earlier Surveys. In the 
Schmidt Report of 1872, 257 such localities were mapped. On the 
map accompanying the present report 636 are located. This additional 
work was principally done by Mr. K. II. Lonsdale during the spring 
and summer of this year. He is also the author of many of the descrip- 
tions here published. It will be noted, however, that a large number 
of the descriptions from the report of 1872 are reprinted here. The 
reason for this is that at some of these localities the opportunities for 
examination are at present not so good as they were when the earlier 
work was done; but in most cases the copied descriptions are of local- 
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certain conclusions at variance with the results expressed concerning 
the origin of the porphyries hy Mr. Ha worth in Bulletin No. 5 of this 
Survey. Dunne the past summer a conference and joint excursion to 
this) fieM was arrange* 1 for. The party consisted of Prof. C. R. Van 
Hise. Prof. Wm. B. Potter. Mr. Xason. Prof. Ha worth anil ihe writer. 
A result of this trip and the consequent discussion on the ground was 
the yielding, by Mr. Ha worth, of his position with reference to the 
origin of the porphyry conglomerates, iron ores and other immediately 
associated bed*, occurring at the >urnmit of Pilot Knob and at a few 
other localities in the immediate vicinity. Mr. Ha worth now concedes 
that the evidence favors the conclusion that these beds are of sediment- 
ary origin rather than of igneous origin as previously advocated by 
him. 

As is frequently referred to and explained at different places in the 
following Report, it has been absolutely impossible to reach, examine 
antl report upon all the ir-»n ore localities in the State, during the brief 
period and with the small means allotted to the work. The area is too 
vast; the occurrence* are too numerous. Effort has been made to 
direct attention merely to the principal areas and localities; to describe 
types and emphasize principles rather than to include exhaustive details. 
It is, however, nevertheless true, that, in many sections of the iron re- 
gions of the State, detailed work could be advantageously prosecuted, 
and it is the intention of the Survey to prepare in the future, as supple- 
mentary to this report, a series of topographic and geologic maps of im- 
portant area-* in the iron ore region, upon which shall be located all the 
various iron ore deposits, as well as other occurrences of economic value. 
A detailed report will accompany each of these sheets, describing every- 
thing of interest. 

The map attached at the end of this report is intended primarily 
to show the geologic and geographic distribution of iron ores. In 
addition, however, it is issued as a provisional geological map of the 
State. It embodies the results of the work of the several Geological 
Surveys of the State up to date. It is the intention to issue similar 
maps with each successive volume of publications, each one to express 
the results of the most recent work. 

Mr. Nason, in his preface, has considerately expressed his indebted- 
ness to various gentlemen for assistance in the prosecution of his work. 
I take pleasure in joining with him here in an expression of gratitude 
to the citizens of the State who have so courteously assisted and en- 
tertained him. I especially wish to acknowledge Prof. Wm. B. Potter's 
assistance in the contribution of data and in the revision of the chapter 
on the porphyry ores. To Mr. Geo. II. Ncttleton and to Mr. Louis 
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Houck we arc particularly indebted for assistance rendered in the 
prosecution of the work along the lines of their roads. Mr. Geo. C. 
Smith, assistant general manager of the Missouri Pacific system, has 
also extended us many favors, and to the St. Louis and San Francisco 
Ry. we are similarly under obligations. 

In the preparation of the Statistical Sketch, Appendix B, we received 
particularly valuable assistance from Mr. £. B. Sankey of Salem, 
Messrs. T. T. Lewis, E. A. Hitchcock and Wm. B. Potter of St. Louis ; 
from Messrs. J. L. Buskett and Wm. Kelley of Rolla, and from Mr. 
Wm. James and his book-keeper, Mr. Bacon, of St. James. 

In the proof-reading of this report Mr. J. D. Robertson has ren- 
dered much assistance, and he has also prepared the General Index at 
the end; the Geographical Index was prepared by Mr. E. H. Lons- 
dale. Such literary defects and errata as exist in this volume must be 
attributed in large part to the unavoidable haste with which the work 
was put into print. 

I transmit this report with the feeling that it is a valuable and serv- 
iceable contribution to the literature of our iron ores, and with the hope 
that it may directly assist in the resuscitation of the iron industry of 
the State. 

Very respectfully submitted, 

Arthur Winslow, 

State Geologist. 
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PREFACE. 

In making a report on the iron ores of Missouri, one is, at the very 
outset, confronted with a difficulty of no little magnitude. In round 
numbers, what may be called the iron-producing belt covers an area 
of of), 000 square miles. This includes, 1st, the porphyry districts; 
2d, the specular ore district; 3d, the limonite ore district; 4th, the 
bedded red hematite district, and 5th, the bog ore district. This last 
has had no definite boundaries. In forming an idea of the value of 
any ore deposits one must be largely influenced by the knowledge 
which may be acquired from deposits which have been worked in the 
past. No surface prospect, however promising, can give definite and 
reliable data upon which to base calculations as to extent, and, conse- 
quently, value. In other words, surface indications give only two 
dimensions ; the third dimension which is invaluable can only be gained 
either from actual trial of the locality in question, or by analogy from 
the inspection of similar deposits which have been worked. In the 
great area given above there are at present only the following workings: 
two localities^in the porphyry ore district, four in the specular ore 
district, onejn^the great limonite district, and in the red hematite 
district not a single'one. The reasons for this state of inactivity are 
various, but as these have^been pointed out in the appended reports on 
the various districts they will not be touched upon here. The diffi- 
culties which this condition entails upon the worker in such fields can 
only l)e fully appreciated by one who has had experience in such work. 

Another obstacle to study which mining districts generally present, 
and the Missouri iron district in particular, is inaccessibility, the lack 
of railroads, the lack of good public roads, the inevitable concomitants 
of a scattered population, make the expenditure of a great amount 
of time absolutely unavoidable. Yet this difficulty has been largely 
obviated, or at least obviated to a greater degree than would at first 
seem possible, by the hearty and intelligent co-operation of the citizens 
of the iron ore district. 

Considering these difficulties, and the limited time which could 

reasonably be placed at the disposal of the writer for this work, the 

following plan was devised and carried out so far as practicable. 

f attempting a detailed examination of each township, to study 

(xi) 
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in a general way, 1st, the modes of occurrences ; 2d, the character- 
istics of the ores; 3d, the geographical distributions, the results of 
these operations resulted in the division of the limonite ore district into 
the Ozark district, the Osage district and the Mississippi district. These 
districts are not exactly outlined, this is impossible, but they indicate, 
in general, a distinct geographical distribution, and form convenient 
points from which to work. The idea has been to distribute the time 
allowed in the following manner. To give the greatest amount of time 
to points practically untouched in previous surveys, though controlled 
by the promise of iron ore in a given district: second, to distribute the 
remaining time as seemed best to serve the objects of a general report 
upon the iron ore of the whole State. By consulting the " Preliminary 
Map showing the Distribution of Iron Ores of Missouri" by Dr. 
Adolph Schmidt, Geological Survey of Missouri, 1872, it will be seen 
that considerable work was done on the limonites on the Belmont branch 
of the Iron Mountain railway and on the middle Osage river. The 
deposits there pointed out are as yet hardly touched, the Osage deposits 
especially, and attention has thus been called here to these localities as 
possible ore fields. 

The whole tier of counties along and immediately above the Arkansas 
border from and including Stoddard county to Taney county was 
hardly touched. There are ten counties and only six localities reported. 
The work of the Survey shows this field to be at least as productive as 
any in the State, and consequently much time has been devoted to it. 
Even the most conscientious effort to locate every outcrop of iron ore, 
would in the end fail in the present state of development of the coun- 
try. It has not, therefore, been attempted. Enough work has been 
done to prove that limcnite ore exists in sufficient quantity to warrant 
the erection of local furnaces for its smelting and that other conditions 
are favorable for such an enterprise. This fact has been enlarged 
upon in the report. The location of ore deposits that has been done 
means, however, more than the mere fixing of these outcrops alone. 
One outcrop points certainly to others, neither now located nor re- 
ported, and the particular aim of the work done has been to point the 
direction in which others may be confidently looked for. 

In the porphyry ore regions there is little use in minute examinations. 
The high grade of the ores and their accessibility to markets has stim- 
ulated private research to such a degree that probably every outcrop is 
known. Moreover, the detailed study which Prof. Haworth, with his 
assistants, has pursued, would inevitably have resulted in the discovery 
of such deposits had they existed. This careful study has resulted in 



PREFACE. Xlll 

a discouraging, or at least a negative state of affairs. No new localities 
have been discovered. Attention in this field has, therefore, been 
confined to a careful study of the great deposits of Iron Mountain 
and Pilot Knob, to the probable conditions of their origin, and to the 
probabilities of the existence of other deposits now hidden from sight. 
The conclusions reached from this course of investigation are not 
capable of exact verification without considerable expense, but it is 
earnestly believed that piospecting along the lines laid down in the 
following report will, in many cases, be successful. 

The same method has been pursued in the specular ore field in the 
sandstone region. Here, owing to the greater number of deposits which 
are now being worked or which have been worked, data of a much more 
satisfactory nature has been available. The conditions of occurrence 
and mode of deposition are seen with what seems to be unmistakable 
clearness. Basing his conclusions on the facts thus obtained, the writer 
has little hesitation in hazarding the prediction that the future of this 
district is at least as bright as its past lias been. 

The red hematite district has never been brought into notice as an 
iron-producing belt. Some exploring has been done in Callaway and 
Henry counties. The work has shown the beds to be thin and rather 
uncertain. Some of the beds could be worked with profit if a furnace 
were near by, but there is not in this field a promise of ore sufficient to 
warrant a plant's being erected. Enough work has been done in this 
field to establish the fact that the ores are of good quality, and that 
they are bedded deposits. 

To sum up briefly the foregoing statements, it has been the aim of the 
Surrey to establish districts in which iron ores were most abundant ; to 
get at the nature of the deposit in order that subsequent prospecting 
might be done in the most intelligent manner, and to determine if 
conditions were favorable to the establishment of local smelting works. 
The result has been gratifying, for even with the most conservative 
estimates the question has an affirmative answer. 

In the prosecution of the work on the iron ores the writer is greatly 
indebted to the State Geologist for his cordial support in the work as 
well as for direct and valuable assistance in many ways and especially 
in the preparation of this report. Editorial supervision is always a 
wearisome and oftentimes a thankless task, and it is with pleasure that 
I acknowledge my indebtedness for this assistance. In the lidd many 
have given such personal assistance as not only to materially forward 
the work, but to make the work itself a pleasure. The writer wishes to 
tender his cordial thanks to Prof. W. B. Potter, of St. Louis ; Mr. Geo. 
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H. Nettleton, president of the K. C. M. and B. R. R., of Kansas City ; 
Dr. J. H. Britts, of Clinton ; Mr. E. L. Foote, superintendent of Sligo 
Furnace; Louis Houck, Esq., Cape Girardeau, president of St. L., C, 
G. and Ft. S. R. R. ; J. B. White, Esq., general manager Missouri Lum- 
ber & Mining Co. , Grandin ; Capt. John Halstead, West Plains ; Mr. 
David Carson, West Plains; Dr. J. E. Mosley, Alton; Messrs. Sanky, 
Salem ; Mr. E. A. Kimmel, of Cape Girardeau ; Mr. H. W. Hickman, 
Puxico, Stoddard Co. ; Dr. Taylor, Brownington; Mr. L. W. Munsell, 
Eminence ; Mr. E. Y. Gannett, Nelson. This list could be indefinitely 
extended were the writer to mention every one to whom he is indebted 
for kind attentions. It is a matter of no little pleasure to acknowledge 
the cordial manner in which he has been received. 

During the field season of 1892 Mr. E. H. Lonsdale has assisted me, 
both in the field and in the preparation of the report. The chapter on 
the "Special Description of Iron Deposits" is almost exclusively his 
work ; it is with pleasure that I acknowledge his assistance. To Mr. 
J. D. Robertson, of the Survey, I am indebted for many of the draw- 
ings in the accompanying text and I gladly take this opportunity of 
acknowledging the same. Mr. A. Schmidt has reproduced many of the 
photographs and these are credited to him in the body of the report. 

F. L. N. 
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PART I. 



THE IRON ORES OF MISSOURI. 



A general discussion and description of the various 
ores and of the geology of the regions 

in which they occur. 



THE IRON ORES OF MISSOURI. 

BY FRANK L. NASON. 



CHAPTER I. 

INTRODUCTION. 

THE ORES OF IRON. 

THB TORM8 IN WHICH IROW OCCURS — THE ORBS OF IRON— THB RBLATIVB VALUB8 OP 

IBOM ORBS. 

THE FORM8 IN WHICH IRON OCCURS. 

Iron 1s one of the most widely distributed metals. It rarely 
occurs native or in the metallic state, but is generally combined Rarity of oca 
with oxygen or some other non-metallic element. In the native iron. 
state it is found in meteorites in large masses, and in grains in 
eruptive rocks. The nativemetal is so rare, however, that there 
is no need of further mention of it in a work treating of the 
sources of iron for economic uses. 

Iron combines with sulphur as a sulphide and is then known combination < 

n . i * , , lr0n WitD 0tl 

as iron pyrites (often mistaken for gold on account of its yellow e,ementl 
color), and, in the form of a sulphate, as copperas. It also com- 
bines with arsenic, phosphorus, silica, etc. In the forms of 
silicates and hydrous oxides (oxide of iron combined with 
water) and anhydrous oxides it forms the coloring matter of 
rocks and soil. 

THE ORE8 OF IRON. 

With the exception of metallic iron all of the compounds 
above noted are, properly speaking, ores of iron, buttechnic-^ 
ally they are not. In practice an ore of iron is a chemical \ 
combination of the metal or element iron with (a) oxygen 
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Cowp+and* of 
lioa mot ores. 



what coiutttate* alone, (b) with oxygen and water, (c) with carbonic acid. A 

rich ore is one which runs from fifty-five per cent, up ; a lean ore 
is one in which other substances are mechanically mixed, thus 
reducing the percentage of iron. There is uo fixed limit to lean 
ores except that of profitable working. This limit varies with 
the market demand for iron. 

The sulphide (iron pyrites) or the sulphate (copperas), green 
vitriol, are worthless as sources of iron, since the sulphur which 
they contain is very injurious to the metal, and it is quite im- 
possible to get rid of it. Iron combined with phosphorus is 
also worthless for similar reasons, viz., the phosphorus injures 
the metal and is verv difficult of removal. In addition to these 
facts other reasons exist why these compounds should be ex- 
cluded from the list of iron ores. In the first place, tbey rarely, 
with the exception of iron pyrites and arsenical iron pyrites, 
exist in large deposits ; and, in the second place, the percentage 
of iron is so low as to preclude the possibility of working them, 
even were thev abundant and were the elements with which the 
iron is combined harmless to the metal. 

Practically, therefore, the commercial source of iron is limited 
to three classes of iron ores, which are as follows: anhydrous 
oxides, hydrous oxides and carbonates. These ores may be 
presented in the following tabular form : — 



TABLE I. 



Anhydrous 

« 

oxides. 



Hvdrou> 
oxides. 



> 



^ 



J Magnetic iron ore. 
Magnetite. ^ Magnetic titanic iron ore 



Limoniicr 



i Franklinite. 



j Specular. 



I Hematite. < Rod hematite. 



or 



Brown hematite. * 



\ Rod oohers. 

Stalai-tilio or %% pipe ores.** 
Compact earthy ores. 
Porous or Bo*: ores. 



1 C» lored oohers. not red 
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Imparities of 
magnetic iron 
ore*. 



Impurities of 
hematites. 



line rocks, such as gneiss or mica schists ; and, mixed with the 
ore body, oftentimes, there is much of the adjacent rock 
together with other minerals, such as quartz, feldspar, horn- 
blende, etc. 

It is very evident, then, that in mining ores of this nature a ton 
of so-called ore will contain rock and minerals of a foreign na- 
ture and, in proportion as this foreign admixture increases, the 
percentage of iron is diminished. In the case of magnetite, 
therefore, the percentage of iron is commonly diminished in two 
ways. First, by a replacement of a part of the iron by some 
other metal such as zinc or manganese, or by some non-metallic 
element such as phosphorus, sulphur or titanic acid ; and sec- 
ondly, by admixture with the ore body of miuerals like quartz, 
feldspar, hornblende, apatite, etc. Magnetites are uniformly 
black and are attracted by a magnet. 

The Hematites. Hematite ore is less apt than magnetite to 
have, as mechanical impurities, minerals like feldspar, horn- 
blende, mica, etc. It is quite as apt, though, to have phosphorus 
and sulphur, and it occasionally has titanic acid. This is true of 
the specular hematite. The red hematites occurring, as they 
generally do, in rocks less crystalline than either the magnetites 
or the specular ores, are also less apt to have, as mechanical 
impurities, crystallized minerals, excepting carbonate of lime. 
Sand and clay are much more common, and the ore has more of 
an earthy appearance. Phosphorus and sulphur also occur. 
Where the red hematite occurs in loose friable masses, or if 
moistened feels greasy and free from grit, it is known as red 
ocher or red paint. Hematite is always to be distinguished by 
its color, even when in the mass it appears blue or black, its 
powder is cherry red. 

The Limoniles. The limonites present by far the widest range 
in form, mode of occurrence and color, of all the iron ores. 
Both hematite and magnetite have distinct crystalline forms. 
Magnetite is always crystalline, and the same can be said of the 
blue or black hematite, while the earthy or more crystalline 
varieties of hematite are always red. Limonite has no 
crystalline forms of its own and hardly a distinctive color. 

What is known as " pipe ore " is limonite in the form of long, 
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must be low in phosphorus if it is to be made into steel. Steel 
though, however valuable it may be, is not the only desirable 
iron for structures. Wrought iron is generally cheaper than 
steel, cast iron is decidedly so. and there are many cases where 
Dfphos- these are even more suitable than steel. Phosphorus, which, as 

8 on iron r ' 

cel - we have seen, renders iron ores quite unfit for steel, is by no* 

means an undesirable element in certain varieties of castings. 
In all cases where light castings for ornamental work or light 
forms with little strength arc needed, phosphorus is an almost 
indispensable ingredient. Its presence in cast iron renders the 
latter easily fusible, keeps it longer in the melted state, thus- 
enabling it to fill delicate moulds in which a more sluggish iron 
would chill. In pig iron for such purposes 2.5 per cent, of 
phosphorus is by no means uncommon. Sulphur which is in- 
jurious in Bessemer pig iron is beneficial in foundry pig iron, in 
small quantities, increasing its strength very perceptibly. Sili- 
con, derived from silica in the ore, is always present in pig iron. 
It is occasionally 20 per cent, of the iron. In this case it i» 
injurious, very decidedly tending to weaken any castings made 
from it, yet in moderate amounts of from one to five per cent, 
or more it has little apparent effect. 

Among the metals which are found in iron ores and in the 
pig iron made from them, some are injurious and some are 

etaisai- beneficial. Manganese is the best known and is of the widest 

with iron . . ,, » . , . 

meflciai, importance. An alloy of iron and manganese is known a» 
Spiegleiron or Ferro- manganese, according to the proportion of 
manganese present. This alloy, however, is principally valua- 
ble in the manufacture of Bessemer steel, and thus, if much 
phosphorus is present, it also becomes worthless. 

Wrought iron or bar iron is sometimes made directly from the 
ores of iron in Catalan and other forges, but the greater part is- 

ltionof made from pig iron, by a process known as puddling. Wrought 
iron is the lowest in carbon, cast iron the highest, while steel 
stands between. Wrought iron has from .02 to .03 per cent, of 
carbon, while steel has from 1 per cent, to 1.8 per cent. Steel 
then is only a highly carbonized wrought iron. They have many 
points in common. Phosphorus and sulphur are alike injurious 
to them, as are also silicon, arsenic and antimony. Sulphur and 
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copper render both wrought iron and steel brittle and unforga- 
ble while hot, and phosphorus makes it weak and brittle while 
cold. In -other words, sulphur makes wrought iron and steel 
hot short or red short and phosphorus makes them cold short. , 
Summing the effects of these impurities we find : 



Substances injurious to steel and 
wrought, iron: 



< 



Substances beneficial to cast iron, 
when in small quantities: 



Phosphorus : 
Sulphur ; 
Silicon ; 
Arsenic ; 
Copper ; 
Antimony, tin, etc. 

Phosphorus; 
, Sulphur ; 
Silicon; 
Vanadium. 



From this it will be readily seen that while a given iron ore Adaptability 
may not make steel rails it is well fitted to make car wheels. vnHoususe 
Or, to put it more generally, an iron ore quite unfitted to make 
steel or wrought iron may be eminently adapted to making cast- 
ings for a wide variety of uses. And so, though a given ore may 
be of restricted use in some directions, its value may not be 
correspondingly impaired. 
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ton, Henry and Hickory counties, we find these bedded, red 
hematites quite persistent, but not in the same promising 
manner that we find them in Callaway county. 

Another band, beginning also on the north and reaching to 
the west and to the south is that of the thin seams of carbonate 
iron found in the Coal Measures. As was mentioned in the 
beginning of this chapter, these ores are not considered abun- 
dant and hardly deserve to rank as forming a belt. Yet these 
lie in the Coal Measures and are characteristic deposits of that 
formation. So long, therefore, as it is not positively known 
that there are no workable deposits of this ore, it is hardly safe 
to predict that productive seams or beds will never be found, 
coal Mcabure de- The Coal Measures of Missouri occupy a great territory, and 
lronorc8. 8pa c at present it is comparatively little explored. But certainly, no 

great deposits have as yet been discovered. There is auother 
class of iron deposits occurring in the Coal Measures but they 
will probably prove of no more value than the carbonates prom- 
ise to be. Reference is made to the bog iron ores which are no 
doubt formed by chalybeate springs, which may now be active 
or may have long since ceased flowing. Such deposits were 
found near Clinton and Brownington, in Henry county, and also 
at Fray's mill, in Randolph county. 

Finally, there is one area of iron ores that has not been men- 
tioned. Tins is the Archean area and it is unique for many 
reasons. The specular iron ores in porphyry are recognized as 
belonging to this age. Though they are in the midst of the 
•pecuikrores! limonite belt which surrounds the specular iron ores in the sand- 
stone region, they are wholly distinct from these ores. These 
porphyry ores are unique, not in age alone, but nlso in that they 
evidently occur as vein deposits. In fact, prospecting with a 
diamond drill at Iron Mountain has shown that these veins run 
in the hard porphyry to depths of over one hundred feet. They 
are frequently no more than an inch in width ; yet near the sur- 
face these veins, as mined, have been over one hundred feet in 
width. 

With a certain degree of propriety, then, we can recognize 
the following classes of iron ore as occurring in Missouri, and 
each one is assignable to its special geological horizon, save that 
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CHAPTER III. 

THE SPECULAR IRON ORES OF THE PORPHYRY 

REGION. 

INTRODUCTORY REMARKS —TUB IRON ORBS, THEIR MODES OF OCCURRENCE — THE IRON 
MOUNTAIN ORB DEPOSIT — PILOT KNOB — CEDAJt HILL — SHBPHERD MOUNTAIN — 
CLARK'S MOUNTAIN — THR COMPOSITION OF THB SPECULAR ORES IN PORPHYRY — 
THB ORIGIN OF THB IRON ORBS — SUMMARY. 

INTRODUCTORY REMARKS. 

Distribution of the Crystalline Rocks. In the southeastern 
part of Missouri, in St. Francois, Washington, Iron, Reynolds, 
Madison, Wayne and Shannon counties are extensive areas of 
crystalline rocks. Interesting as these rocks are, both from 
their isolated position with regard to other crystalline rocks and 
d^to'soiith" from their structural peculiarities, a wider interest has been 
rtf 11 Mto * aroused in them on account of the deposits of iron, worked for 
so many years, at Iron mountain and Pilot Knob. The appar- 
ent extent of these ore bodies when first discovered, as well as 
the remarkable purity of the ore, have made them famous. 
Unfortunately, unlike most other iron-producing crystalline 
rocks, the iron deposits of the porphyry are not co-extensive 
with the porphyry itself. In fact, the Iron mountain and Pilot 
Knob localities, the first to attract attention, have been, with a 
few minor exceptions, the only deposits of iron ore worked. 
Shepherd and Cedar mountains, near Pilot Knob, have each con- 
tributed to the total iron output of these localities, but the 
amount is utterly insignificant as compared with the first men- 
tioned deposits. 

The Topography. The topography of the porphyry region 
is picturesque in the extreme. Prof. Pumpelly speaks of the 
S2tq5e. by i§ Archaean hills as " an archipelago of islands in the Lower Silur- 
ian strata which surround them as a whole, and separate them 
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yield but slowly to the weather and thus retain their irregular 
shapes for a long time and occasionally completely cover the 
nido to near the summit. This of course precludes the formation 
of soil, and, so long as it lasts, the hills on one side are bare or, 
at best, ure covered with a scant vegetation. This condition is, 
however, of comparatively rare occurrence. In general the easy 
slope of the hill retains either the soil resulting from the weath- 
ering of the crystalline rocks, or even the mantle of clayey soil 
left by tho removal of the soluble constituents of the stratified 
rocks which once covered the former. Here the hills are covered 
with vegetation as flourUhing as that of the limestone hills 
of the Oaarks, leaving only the general contour to distinguish 
them. 

Lithology. To the ordinary observer the porphyries are of 

a generally similar character. The differences most readily 

Tti* imrvhyry not iced are, first , oolor ; second, texture. The color varies from a 

whf i i* *»u»r rod to a dull brown. There seems to be no law governing the dis- 

tributton of tho red and brown varieties, both occurring in close 
connection in the same outcrop. The red porphyry, though, 
seems to have generally more of a bedded structure, while the 
more common brown makes up the greater bulk of the outcrops. 
In Shannon county and also in parts of Reynolds and St. Fran- 
cois the surface color is gray, while a fresh or recently broken 
surface is inclined to be brown. In Shannon county, along 
Ouvwnt river % the color is exclusively brown. Proximity to iron 
veins appears to modify both color and betiding, and the agencies 
which have produced the deposits of iron are probably re>pon- 
sihle for much of this modification. The texture of the porphyry 
is mow widely \aviablc* Nearly every outcn>phas places where 
the wok is almost aphanitic am) in others the crystals of white 
Mdspav ace sometimes one fourth of an inch square. There 
aw outowp* whew the crystals aw an inch square. The range 
in tcviuw \* % hcwc\ci\ but b;tie wider than is often found 

1W MCl i!!!Ol pho*cd £m N l>*OS 

J*Ww\\« >\ >.,\*" V^cix^h the ivwhvries generally, on 
\i*Mho-vsl s«iU*v*„ i**w c.vw tho *; x ;v*r*rK>o of traps or green 
M\M*.cv the invK tacc %v;r,< *v.*vVcd V\\ ««n^c:vns lines of fracture 
pvsntac i\£ *« N *it N *:\£ul*v v;\ N > «>.%h xvvo: ih* ground near the 



24 IRON ORES OF MISSOURI. 

wall the iron ore and the porphyry are intermixed for a short 
distance; but to the east of which, the porphyry, and to the 
west of it the iron ore, are each found perfectly pure and 
unmixed." 

" From surface indications), and from all explorations made, 
the whole of Iron Mountain seems to be a mass of iron ore." 

The above description made by Dr. Litton gives one a very 
graphic idea of the Iron mountain of forty years ago. There 
is little reason to wonder at the estimates which were then made 
as to the inexhaustible supply which this deposit was supposed 
to contain, when we couple Dr. Litton 's description of the 
surface appearance with the fact that the base of the mountain 
covers about five hundred acres and that the highest point of the 
mountain is about two hundred and fifty feet above the level of 
the railroad. 

Distribution of Vein Ore in the Porphyry. In 1872 the work 
of mining had progressed to a considerable extent, enough to show 
that the mantle of boulder ore did not extend to the b;ise of the 
mountain undiminished in rich- 
ness. The adjoining topographic- 
al sketch, Fig. 8, by Dr. Schmidt, 
shows graphically the hill over 
which the surface boulder ore was 
strewn, and the positions of the 
cuts in the veins are marked bv 
the letters A, B, G, D, E, F, G. 
and H. From the positions of 
these cuts, which are opened up 
on a more or less continuous vein, 
■ttaSM *S2JKgSP&* th * Sen** 1 direction of the main 
'*■ ore body is seen to be nearly due 

southeast. When first the boulder ore was removed from the 
summit of the mountain, it was seeu that this had been derived 
from a solid bed or vein which was then for the first time exposed. 
This vein measured sixty feet across at its widest place. Instead, 
however, of holding this width downward for any depth, it soon 
divided intotwo independent veins. These veins varied in width 
from 12 to IS feet. Fig, 7 shows the positions of the veins and 
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Th* workings 



are crystals of apatite ranging from acicular crystals to large 
prisms one-half of an inch in diameter. Near the surface these 
*S ai " « "* ln * re re P re9entet ' almost wholly by hexagonal cavities in the ore. 
The accompanying Fig. 9 shows the appearance of this breccia. 
Cut B, Fig. 6, shows the relations 
of the veins which were exposed during 
the progress of the working in 1872. 
At that time, however, the veins were 
enclosed in the more decomposed por- 
phyry. They .were of a workable size, 
but these have now been entirely ex- 
hausted. The remaining veins have also diminished in size and, 
in the fresher porphyry, they have thinned out to a point where 
it is no longer profitable to work them . '•'*> '<• ■' » -. - 

Cuts C. C. and D, illustrated 
by Figs. 11 and 12, still fur- 
ther show the irregular distri- 
bution of these veins through 
the rock mass and, by corn- 
er, of pririson with the topographical 
sketch on p. 24, their relations to 
the main body of the mountain 
will be apparent. It is a fact 
worthy of notice that only the 
smaller veins of ore have been 
ot found to extend into the fresh- 
er porphyry. 
Itf»iiimirtf Vtaj/a and timhter Orts. The residuary clay, the 
'* blutf" of the miners and the enoli»oJ boulder ore is, with ex- 
ception* which will he mentioned, practically about the same as 
it was in the earlier days of Iron mountain. This clay is tough 
and deeply stained with iron. To one with a love of color, 
nothing can be more beautiful than the various shades, from 
deep vennillion to the soft creamy brown and yellow, of the less 
TsiMMMn weathered portion* of ibis clay. On the summit and slopes of 
t^™uM*r. Bift mountain tins richly colored claj is s-pariuj-ly tilled with 
° w block* or houlder* of iron ore of \aninj; sire. These blocks, 

though of remarkable purity, are ».>t abundant enough to pay 




Section of a 
glomerate 
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hematite. This solid bed passes gradually upwards into one 
which is less fresh and, from that, into a conglomerate looking 
mass which has large fragments of solid ore. This is succeeded 



Porphyry bonldera Id clay. 
Boolderi of specular Iron ore. 
" porphyry. 

" porphyry. 

" porphyry. 
Porphyry with veins ol specular o 
Flo. 15. Section of first conglomerate 
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by a regular conglomerate of iron ore, the interstitial spaces 
of which are filled with a bluish green or gray decomposed por- 
phyry having little or no iron. The cap rock or hanging wall is 



Cambrian Limestone. 

Porphyry boulders Id clay with 
grain* of sand. 

First stratum of boulder ore. 

Porphyry bonldors. 

Porphyry 
Iron ore 
Porphyry 
Solid porphyry with Iron ore vein*. 
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nected on the east, however, with the higher hills by a low neck 
of porphyry which rises only about 200 feet above the surround- 
ing Cambrian rocks. 

The Character of the Ores. The ores of Pilot Knob are 

characteristically different from the other porphyry ores. The 

ores of Iron and Shepherd mountains and Cedar hill as well, are 

usually crystalline and massive in structure. The ores of Pilot 

Knob, though Knob are, on the other hand, fine grained, almost aphanitic, and 

ycry compact, , 

aresutyfn are uuiversally slaty. As they occur in the mine these bands 

structure. j j j 

alternate with less rich ores or with thin bands of rock that carry 
so little iron as to give a gray streak and are thus totally unfit for 
smelting. In addition the ores were very low in phosphorus and 
such phosphorus as was present was distributed very uniformly. 
The Iron mountain ores, on the other hand, though in large part 
high grade Bessemer, contain a good deal of ore that is totally 
unfit for the manufacture of steel. 

The Modes of Occurrence. There are three distinct modes of 
occurrence of iron at Pilot Knob. As usual there are veins of 
iron in the massive porphyry, but no veins of economic impor- 
tance have been found. 

Boulder Ores. Distributed over the slopes of the mountain are 

numerous fragments of boulder iron. These fragments have, on 

the north side of the mountain, been in such abundance as to 

enable them to be dug with profit. They are embedded in a 

There are boulder tough red clay. One of these banks is at least thirty-five feet 

Knob" which are thick. From the nature and position of the boulders there is no 

rived from the difficulty in assigning their origin to the bedded deposits above 

them. Their slaty structure, close and fine grained, make this 
certain. Moreover they are always found below the outcrop of 
ore. Whether the boulder ore is the same as that which extends 
under the Cambrian rocks on the flanks of Pilot Knob is not 
certainly known. 

The following section, Fig. 19, is taken north and south 
through the main body of ore on Pilot Knob, through 
the Cambrian rocks in the valley between the Knob and 
Buzzards mountain. It is from a report made in 1890, to the 
Pilot Knob Company, by Prof. Wni. B. Potter, and is pub- 
lished here with the author's permission. 



main bed. 
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Massive Ores. It is in the main ore body of Pilot Knob, how 
ever, that the greatest interest centers. Whatever its origin it is 
unique among the porphyry ores of Missouri in that it is bed- 
ded and bears strong evidence of a sedimentary origin. It is a 
'bodjii'iswdeat- sheet of roughly pear-shaped outline with its longest axia 
m ornS! nUry running nearly north and south. It has an average dip to 
the southwest of thirteen degrees. Fig. 20, on the opposite 
page, from Bulletin No. 5, Geological Survey of Missouri, 
shows this. Fig. 21, below, from the same Bulletin, shows the 
position of the ore body with reference to the hill. From this 



Wia. XI. Sketch of Pilot Knob (bowing the position of the ore bed. O-O, the eat on tbe 

north, the three tannele No*. 1, 3 and 3, tbe Simpson shaft. 3, tba cat tut of 

the company's office, C. and several placea where maa- 

ilTe rocks are exposed, M. 

last sketch it will be seen that this ore deposit is near the 
summit of the Knob. If one measures the outcrop of the ore 
body on the arc of a circle repre- 
sented by the cuts A, B, and C 
of Fig. 22, it will be found that 
the lire is nearly 1,000 feet long. 
From this sire to the southwestern 
extremity the width of the ore 
body increases slightly and then 
rapidly contracts until it is cut 
out by the country rock. 

In bedded deposits generally 
the beds do not disappear in this 
manner, the bed usually grows 

either thinner until it is entirely 
Flo. tl. A topographic sketch of Pilot . , , ., , . , , 

Knob. A.B.andUrepreaentcntaln the replaced by the toot and hanging 
ors body. From Beport 1SB, P- 110. , . , . , 

wall coming together, or " pinches 
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Wm. SO. A ikelch mnp showing the outline mod tbe extent of llio  
V Hot Knob. Thli ore bed reaebe* tbe inrfaee on ihe nortt 
north em ildoi of tbe bill; bat on theweat.eontb-weit  
lonth It jrednMlj chanxas into porphyry. Tbe 
double line represent* the Itaniwajs. 
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edges are usually sharp and the columns are rarely more than two 
feet in diameter, and break horizontally with a ball and socket 
joint. At Pilot Knob the columns are without exception rectan- 
gular. They split along planes with no trace of ball and socket, 
and the blocks often are forty feet across one of the edges. In 
a word, they have the appearance of being modeled after the 
jointed and slaty structure of slate beds rather than after the 
basaltic structure of eruptive rocks. This jointage extends into 
the ore body, though not in so marked a degree. 

Separating this bed of conglomerate from the iron ore body 

AtMnb€dof8iateP ro P er > * 8 tt bed of slate. This slate is highly ferruginous, so 

gio^rate^d high in iron ore in fact, that much of it was used as a lean ore. 

It is very fine grained and compact, and gives a red streak. 
The thickness could not be exactly ascertained. 

Under the iron ore body is another bed of slaty rock. The 

entire thickness of this is only about three or four feet. It lies 

in alternating bands of nearly pure slaty ore and leaner bands, 

The ore bodv is and bands in which there is hardly sufficient iron to prevent a 

tSeu'nderiying clear gray streak. The parting planes between the iron ore 

Sy'ifbed of a iT- body and the slate proper are beautifully marked by what in a 

andnch g sia?y rock about the origin of which there is no question, would be 

called ripple marks. These are very plain and there would or- 
dinarily be little doubt as to their origin. The broad surface 
also has what appear to be mud cracks. Much of the slaty ore 
has fine grains of silica, apparently sand. 

The conglomerates below these slates are very similar in ap- 
pearance to the ores above, save that they are not so coarse 
^^ngiomeratfs and are much fresher. These rest directly on the top of the 

Are fresher than . , - , , T7 - , 

the owiying. massive porphyry or the Knob. 

CEDAR HILL. 

On Cedar hill, distant about one mile north of Pilot Knob, 
there is an irregular deposit of coarse, specular ore much like 
that which is found at Iron mountain. According to Prof. Pum- 
pelly the porphyry of this hill has somewhat the appearance of a 
conglomerate. Only a few irregular outcrops of the vein were 
found and these were unprofitable to work. The conglomerates 
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clark's mountain. 

On Clark's mountain, in Wayne county, large boulders of 

specular ore have been found. An attempt to locate the vein 

The veins from from which these boulders were derived met with no success. 

which the 

ciMk'Ymoan?- Shafts were Sunk in the clay in which the boulders were embedded, 
hiTriStbleL 64 k ut ^ey are reported not to have reached the porphyry. There 
found. j s no cer tainty that this locality has been thoroughly explored. 

It was not visited, as no work had been done for several years, 
and whatever holes had been dug had long since fallen in. 

This practically concludes what is to be said covering the spec- 
ular ores in porphyry. Hardly any traces of ore have been found 
outside of the localities mentioned above. In the light of the 
facts learned about these deposits, we shall see later if there are 
any hopes that hidden deposits may be intelligently prospected 
for. 

THE COMPOSITION OF THE SPECULAR ORES IN PORPHYRY. 

The specular ores of the porphyry region are so widely and 
favorably known that little additional light will be thrown on 

Iron mountain xi_i_»i.iai_ • 1 r * • * 

and Pilot Knob the subject by the accompanying analyses. Iron mountain and 
p«i mines. Pilot Knob overshadow all other localities in this region, and 

justly so from the stand-point of production ; but other localities, 
unfortunately of limited extent, have yielded ores every way as- 
desirable as the first named localities. 

Iron Mountain Ores. Iron mountain yields two distinct 

classes of ores; the first are the vein deposits, or the ores which 

iron mountain occur in veins in more or less solid porphyry; the secondare 

dded gradee of the boulder and surface ores. These ores are also capable of 

another classification; first, ores low in phosphorus; second r 
ores high in phosphorus. So far as the boulder or surface ores 
are concerned they are almost universally low in phosphorus as 
the following analyses show: l — 

1 These analyses are taken from the Report of the Mo. Geological Survey > 
1872; and from Tenth Census Report of the U. S., Vol. XV. 
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(1) 
Per cent. 

Metallic Iron 66.93 

Phosphorus 0.071 

Phosphorus ratio . . 0. 106 



Sample No. 1 was taken from the main vein at Iron mountain. It is free 
from quartz. There were no crystals of apatite visible to the unaided eye. 
Sample No. 2 is taken from the same vein but nearer the contact with the 
porphyry. This sample contained many crystals of apatite. No. 3 is a sample 
of surface ore. Nos. 4 and 5 are surface ores. No. 4 is taken from the 
surface near the main vein on Big mountain, while No. 5 is from the surface on 
the vein at Little mountain. 

Other partial analyses of the Iron Mountain ores give: — 

(6) (7) (8) 

Per cent. Per cent. Per cent. 

Metallic Iron 67.75 66.60 68.63 

Phosphorns 0.052 0.057 0.031 

Phosphorus ratio 0.08 0.09 0.045 

No. 6 is taken from surface ore on the western slope of the mountain and 
No. 8 from the surface on the southeastern slope. 

The following analyses from 8a to 8p are published through 
the kindness of Prof. W. B. Potter, engineer of the Iron Mount- 
ain Company. They represent average analyses of the various 
ores shipped from Iron mountain from April 1, 1891, to March 
31,1892: — 
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8a. Surface jigged on, 2188 tons, average of 14 analyses. 

8b Surface lump ore, 2878 tons, average of 15 analyses. 

8c Soft jigged ore from Shaft No. 1, 9969 tons, average of 20 analyses. 

8d Soft jigged ore from inclines Nos. 1 and 2, 7579 tons, average of II 

analyses. 
8e Soft jigged ore from Shaft No. 1, Incline No. 1, 2450 tons, average of 

4 analyses. 
8f Soft lump ore from Shaft No. 1, 7536 tons, average of 25 analyses. 
8g Soft jigged ore from Shaft No. 1, 14018 tons, average of 84 analyses. 
8h Soft jigged ore from Shaft No. 1 and Incline No. 1, 921 tons, average of 

8 analyses. 
8i Soft jigged ore from Incline No. 2, 7008 tons, average of 27 analyses. 
8j Furnace jigged ore, 3291 tons, average of 39 analyses. 
8k No. 2 bluff ore from Shaft No. 2, 3327 tons, average of 14 analyses. 
81 No. 2 bluff ore from upper S. £. mine, 693 tons, average of 4 analyses. 
8m No. 2 bluff ore from W. and upper S. £. mine, 3177 tons, average of 8 

analyses. 
8n Soft lump ore from Incline No. 3, average of 4 analyses. 
8o Soft lump ore from Incline No. 2, 90 tons, average of 1 analysis. 
8p Special ore from Shaft No. 2, 1624 tons, average of 8 analyses. 1 

It will be seen from the above analyses that the ores mined 

from the solid veins are, in general, much more highly pfros- 

phatic than the surface ores. In fact many of the surface ores 

are almost wholly free from phosphorus. Although not really 

The solid veins of 8urf ace ore the bed of conglomerate which is now being mined 

niore^ghiy on the eastern slope of the mountains is quite as free from phos- 

tnan the boulder phorus as are the surface ores proper. The reason is the same 

in both cases. Ihe conglomerate ore, though now buried by the 
sediments of former Cambrian seas, were for a long time exposed 
to weathering agencies. These have attacked and almost wholly 
eliminated the more susceptible apatite leaving the ore almost 
wholly phosphorus free. Even were proof needed for this self 
evident explanation it is found in the fact that many of the 
surface ores show hexagonal cavities, the cavities from 
which apatite crystals have been removed. Still further, the 

i In the above analyses reference is made to ores from various parts of the 
mountain. •' Surface lump and surface jigged ores" are ores dug from the 
residual clays on the surface of the mountain. "Shaft No. 1 " is the shaft 
sunk on the boulder ore deposit on the east Mde of the mountain. •« Shaft 
No. 2" 18 sunk on the west side at Little mountain. " Incline No. 2 " leads 
from the surface to Shaft No. 1. 4l Soft ore" is from the residual beds; 
" bluff ore 1 ' Is from the solid veins. 



ores. 
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(15a) (15b) 

No. 1 ore. No. 2 ore. 

Per cent. Per cent. 

Metallic Iron 62.00 55.62 

Phosphorus 0.017 0.022 

Phosphoric Acid 0.032 0.051 

Sulphur 0.028 0.038 

Sulphuric Acid 0.075 0.096 

Manganese Peroxide. 0.15 0.22 

Silica 13.25 18.53 

Lime 0.18 0.22 

Alumina 1.22 1.33 

(15c) (15d) 

Per cent. Per cent. 

Metallic Iron 66.83 43.03 

Silica 3.62 30.65 

Sulphur 0.07 0.098 

Phosphorus 0.014 0.021 

ri5e) (15f) 

Per cent. Per cent. 

Metalliclron 61.72 58.110 

Silica 9.810 17.020 

Phosphorus 0.021 0.013 

Manganese trace trace 

Alumina 1.830 2.590 

Sulphur 0.032 0.077 

Lime 0.080 0. 150 

Magnesia 0.011 0.015 

Nos. 15a and 15b are the ores mined from the bed on the summit of the 
Pilot Knob. 

No. 15c, soft blue ore. 

No. 15d, No. 3 ore taken from the dump. 

Nos. 15e and 15f are averages of the ores shipped for six months in 1885. 

Shepherd Mountain Ows. The next ore body of the porphyry 

region from the stand-point of productiveness is Shepherd 

mountain. It falls far behind, though, either Iron mountain or 

Pilot Knob in this respect. As regards the purity of its ores, 

The shepherd however, it will hardly take a second rank. In physical char- 

wy n hSh^de.acteristics the Shepherd mountain ores are more closely allied to 

the Iron mountain ores than to those of either Pilot Knob or 
Cedar hill, although the latter are only about one mile distant. 
The ores of Shepherd mountain are coarsely crystalline, for the 
most part, and usually highly magnetic. 
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The following are some partial analyses of the Shepherd 
mountain ores : — 

(16) (17) (18) 

Per cent. Per cent. Per cent. 

Metallic iron 65.39 66.52 64.81 

Phosphorus ... 0.013 0.01 1 0.017 

Phosphorus ratio 0.020 0.016 0.026 

Sulphur 0.077 

Sample No. 16 was taken from a stock pile recently mined containing about 
seven hundred tons. Samples Nos. 17 and 18 were taken respectively from the 
upper and lower part of the veins. 

Cedar Hill Ores. Cedar hill has yielded little or no ore to 
speak of. A small deposit, occurring very much in the same cedar hiu ha< 
manner as Pilot Knob ores, was found on the summit of the hill, iittie ore." 
In many respects the ores here closely resemble the ores of 
Pilot Knob. Below nre two analyses, of the ore : — 

(19) (20) 

Per cent. Per cent. 

Metallic iron 66.61 65.47 

Phosphorus 0.006 * b 0.039 

Phosphorus ratio 0.009 0.060 

Nos. 19 and 20 are average samples of the vein ore at Cedar Hill. 

A sample of ore, taken from Lewis Mountain, yielded — 

(21) 
Per cent. 

Metallic iron 59.22 

Phosphorus 0.027 

Phosphorus ratio 0.050 

Complete Analyses. In addition to the above analyses a few 
complete analyses of the porphyry ores, taken from Dr. Schmidt's, 
report on the Iron Ores of Missouri, 1 are included here: 

1 Report Geological Survey of Missouri, 1872. 

4 
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A complete analysis of ore from Shepherd mountain gives: — 

(26) (27) 

Insoluble siliceous matter 6.76 15.83 

Peroxide of Iron 86.66 84.60 

Protoxide of iron 2.97 

Alumiua 1.55 0.32 Analysis of 

Lime 0.35 0.38 herd moan 

Magnesia 0.04 0.15 

Manganese 0.00 0.00 

Copper trace in 5 grms 

Sulphur.. 0.00 0.021 

Phosphoric acid 0.039 0.065 

100.269 100.866 

The above analyses correspond to: — 

Metallic iron 64.31 59.22 

Phosphorus 0.017 0.027 

No. 27 was taken from Lewis mountain near Arcadia. The excess over 
100 is due largely to the presence of iron protoxide which was not de- 
fter rained. 

A specimen of ore collected by Prof. Pumpelly from Buford 
mountain gives the following results : — 

(28) 

Insoluble matter 8.54 

Peroxide of iron 68.30 Analysis of B 

Peroxide of manganese 19.46 Jj£ monnl 

Sulphur 0.011 

Phosphoric acid 0.102 

96.415 

This ore bears, in places, distinct traces of stratification. 
The ore of Buford mountain is limited in quantity, is soft, 
inclined to earthy and is dull in color. The deficiency in the 
total of the analysis is probably due to lime and carbonic acid 
which is not determined. 

From the analyses given it will be seen that the porphyry iron 
ores are, as a rule, very rich in iron, low in phosphoric acid and 
sulphur and other deleterious elements, while the high percentages 
of metallic iron show the low percentages of inert siliceous or TQ e porphyry 

° Iron ores an 

aluminous matter. The ores are available for the highest metal- Bessemer, a 

© a rule. 

lurgical use* and are widely sought for by manufacturers of 
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Bessemer steel. Even with the dull iron markets of to-day, 
there is a ready sale for the ores of Iron mouutain and the same 
could be said of Pilot Knob while it was a producer. 

The desirable qualities of these ores have caused extensive 

prospecting on the surface and it is with regret that it is here 

recorded that this prospecting has thus far been without success. 

surfaoe pro«i>eet- The localities which apparently promised well in 1872 have been 

to rewi other tried and found wanting. None of them have realized the hopes 

of the prospectors. It is to be hoped, however, that the 
methods of prospecting with a diamond drill may yet reveal 
deposits of these valuable ores, now hidden from the ey$ which 
seeks for them on the surface alone. 

THIS ORIGIN OF THE IRON ORBS. 

Mode of Accumulation. Igneous rocks often occur injected as 

dikes of various sizes in more recent rocks. Many have sug- 

u b«* i**n »«** S 08 * 6 ^ that metalliferous veins were formed in the same manner. 

touTm* mp? Rogers, in his report on the Geology of New Jersey, 1836 to 

*** 1840, held that the bodies of magnetic iron so abundant in the 

Archtean gneisses of New Jersey were thus formed. In the 
white limestone of the same State are extensive deposits of zinc 
oxides and silicates. Rogers held that these also were injected 
igneous dikes and cited the well-known facts that the limestones 
were whiter and more crystalline in the vicinity of these dikes, 
and that the heat from these dikes was the cause of this change. 
This view, however, never obtained wide acceptance, but, even 
had this been the case, there are facts that would prevent its 
adoption to explain the veins of iron found in the porphyry 
rock* of Missouri. Iron oxide is only fusible at a very high 
temperature. Kven at a comparatively low temperature oxide 
of iron, when brought into contact with silica or silicates, tends 
to unite with them and form a different compound. This has 
evidently not been the case in this rvgion. for the line of con- 
tact between the porphyry rock and the veins which intersect it 
is very sharp e\en in the smallest \eins. It will thus be seen 
that this ii\M\ could not have been injected in a molten state. 
In many volcanic rock* tisMUvs ace otten tii'ed by metalliferous 
and other minerals *hieh ha\e bee:* \o!a:f.iied bv the heat of 
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way to the crevice through the country rock. Veins of infiltra- 
tion probably differ more from those of segregation in their 
appearance after they are formed than they do in the manner of 
their formation. The same m^y be said of impregnated veins. 
In all cases the work is done by waters of varying degrees of 
temperature and purity. 

Water, under certain circumstances, is one of the most power- 
ful solvents known. Let us see what conditions would be neces- 
sary in order that the iron of the porphyry district might be put 
into solution and finally precipitated in the crevices of the 
porphyry rocks. Rocks, however dense, are to some extent 
permeable by water. The finer grained the rock the farther, by 
capillary action alone, would the water penetrate. The fact of 
solvent water cir- the permeability of rocks by water may be easily demonstrated 
greater or tew by taking a piece of sandstone and heating it below red heat for 
the densest a long time. This will drive out the last trace of hygroscopic 

water. If then the sandstone be weighed, then immersed in 
water, brought out and dried, then weighed again, it will be found 
that it has increased noticeably in weight. This increase is due 
entirely to absorbed water. In many cases five to twenty-five 
per cent, of water will thus be absorbed. In the case of milky 
white marbles, immersion in water will make them translucent 
and they will also increase in weight. In addition to the force 
of capillary attraction, in large rock masses, hydrostatic press- 
ure will tend not only to force water into minute fissures, but 
into the body of the rock itself. If, in addition to capillary at- 
traction and hydrostatic pressure, the rock be of different tem- 
perature in different places, and this will certainly be the case, a 
difference in density of the water as the result of difference in 
temperature, will also induce a circulation of the water in the 
rock. Difference in density due to matter held in solution will 
also tend to the same end. So in addition to the increase of ab- 
sorption one must consider the fact that this absorbed water is in 
a state of perpetual motion as well. 

The temperature of the water will depend upon the tempera- 
ture of the air, the temperature of the rocks themselves, and 
also upon the amount of chemical activity in the £Qfl|UH|gB.M A 
whole. It is a well known fact that hea* 



5art8 e n5ino e ved e can 'i e d iron, the lime might be replaced by this mineral. Stratum 
iron - 3 consisting of pure limestone, might similarly be entirely 
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although we have had more especially in mind the formation of 
veins in massive rocks. Let us see how percolating chalybeate 
waters would operate in stratified or sedimentary rocks. An 
example can be taken more readily from rocks which are more 
widely distributed in the limestone and sandstone of the State. 
Let us suppose a section somewhat as follows: — 

Fkkt. 

1. Sandstone 4 

2. Limestone, gritty, passing iuto S 4 

3. Limestone, pure 6 

4. Sandstone 1 

5. Limestone with calcareous shale 2 

(>. Sandstone, massive 20 

In stratum 1 percolating waters would have no effect. Stratum 

Solvent waters se- * ° 

lect the less re- 2 would have its lime entirely removed. If the percolating water 

fractory rocks, J I © 

an " 

& 

removed and entirely replaced by iron ore. Stratum 4 would be 
untouched. No. 5 would have the calcareous matter removed 
and replaced by iron while the shale would be untouched. No. 6 
would also be untouched. In other words, the entire soluble 
constituents of the rock might be removed and replaced by oxide 
of iron precipitated from the solvent water. This section, thus 

acted upon, would become as follows: — 

Fkkt. 

1 . Hauging wall of sandstone 4 

2. Siliceous lean ore 4 

3. Solid bed of g »od ore 6 

4. Siliceous rock band 1 

5. Bands of alternating rich ore with lean slaty ore 2 

6. Footwall of sandstone 20 

While this description is not taken from an actual occurrence 
it will illustrate exactly what may occur when circulating waters 
act on stratified rocks. 1 As in the case of the massive rocks 
these waters remove the more soluble portions of the rock. If 
the rock is wholly soluble a bed of rich iron ore is left and lean 

1 An actual occurrence under conditions very similar to the one described 
above is given by Prof. J. P. Lesley, Vol. I, Summary, Final Report, Geo. Sur. 
Penu. 1892. p. 351. 
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This would result country than were the lower. Gradually the bills would tend to 

1b the hills and J J 



Tillers chang- 
ing places. 



This process 
operates in 
greatly folded 
regions. 



reach the valley level ; the valley country being protected by 
iron dikes and veins, would resist puch erosion. The final result 
would be that, in many cases, the hills would be changed to 
valleys, and the valleys to hills. 

This process takes place in countries where the rocks are 
forced into synclines and anticlines, or A -shaped hills and V- 
shaped valleys. In this case the rocks would be more broken at 
the crests of the anticlines, or A-shaped hills, than in the synclinal 
valleys. Instances of this will be found in almost any work on 
geology. The broken rocks of the anticline present more 
surface to weathering, and these go to pieces more readily. 
The principle is the same in either case, i. e., vairying degrees of 
susceptibility to denuding agencies. 

The two following Figs., 25 and 26, show the relative positions 
of the hills and valleys in the extreme phases of weathering as 
described above. 




Fig. 2.\ Profile of Archa*an topography prior to erosion. 




FIG. '26. I'rofiU: of Arohxan lopojriaphy after erosion. 



In Fig. 25 wo will suppose the Archaean landscape to be as 
depicted, ihe arrows show the course of percolating waters, and 
b. b., the location of large fissures and veins which are being 
filled with iron. Fig. 26 shows the other extreme, where the 
hills have given place to valleys and vice versa, the dotted lines 
indicating the positions of the former hills. 

If now we carry this process farther we can picture the history 
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formed on the secondary slopes and valleys. By continual 
erosion these beds of conglomerate would be moved farther and 
farther down the slopes and valleys. Carrying this process to its 
legitimate conclusion we can imagine that, in the end, the veins 
which had so long protected the hill would at length be almost 
wholly destroyed or at most only traces of them would be left. 
The diminishing veins would furnish less material for conglom- 
erate deposits and the former material would be carried away 
faster than the new material could be supplied. The end of such 
a process, as we see it at the present time, would be mountains 

Of such deposits *~ ' ... „ 

less would boor hills with veins of varying size, the remnants of once greater 

expected to re- •* ° © 

main today, deposits. The slopes of the hill would be covered by only 

scattering fragments or isolated boulders from a once more 
extensive deposit. Localities such as Shepherd and Clark 
mountains and Cedar hills are examples in point. It can not be 
positively asserted that such has been the history of their de- 
posits, but it is probable that such has been. 

The points which we have thus far discussed are as follows: 

First, the effects of erosion in changiug hills to valleys and 

valleys to hills; second, the effect of erosion in a valley of 

moderate elevation in developing a mountain like Iron mountain ; 

K ^tend U s H to a i l he^ 1 " ,1 '» ^ lc e ff° ct °f erosion in producing from the iron cemented 

orvefn^eiKwus. roc ^ °f a Vll l'°y °f grater elevation, mountains like Shepherd 

and Clark mountains and Cedar hill. In the cases above con- 
sidered erosion has, owing to greater original elevation, almost 
entirely removed the original iron deposits in Shepherd and 
Clark mountains and Cedar hill, while Iron mountain, being 
at a less elevation, its deposit was only partly disturbed. 

There is a third case which may with profit be considered. In 
the first two cases, we presuppose an accumulation of ore in fis- 
sures of rocks made under more or less elevated valleys. Let us 
now suppose a case where deposition took place still lower in an 
original vallev than in either of the above cases. Here, before 

Vein deposits in .iy v • 

have been buried erosion had proceeded far enough to raise the hill prominently 

by Cambrian * ° t j 

sediments. anc i ( cause denuding action to naturally affect the vein de- 

posits, we can imagine the depression of the earth's crust to 
have gone on to such an extent that the waters of the Cambrian 
seas began the work of covering the Ian ' *, thus 
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has disappeared, while the more easily destructible volcanic 
cinders and broken lava forming a part of the slope of the 
mountain have entirely disappeared. It would also be supposed 
that the coarse and fine breccia would be indiscriminately 
mingled throughout the whole mass of the conglomerate if it 
were a lava breccia, whereas actually the coarser conglomerates 
are at the summit of the Knob, and the breccia with fragments 
still remaining just as distinct and even more numerous, is much 
finer and the slaty structure is correspondingly fine at the bottom 
near the ore body. This fine conglomerate, all the while sharply 
brecciated, gradually passes into an aphanitic slate. In the 
case of a brecciated formation, such as Prof. Haworth describes, 
Braoebited f»*- one would expect that, on the surface where the cooling wa« 
ftngntoSHthe comparatively perfect, the angles of the fragments would l>e 
bed mod the very sharp, and that this angularity, as the temperature of lava 

increased towards the center, would diminish and the fragments 
present a drawn appearance. The reverse of this is decidedly 
the case. The angularity is retained until the last trace of the 
breccia has disappeared. Also, in the slaty rocks, there ought 
to be a trace of the knots and even of the porphyritic crystals. 
The slates, however, present no such appearance, and split in the 
even smooth planes of the typical argillite. 

The jointed structure in the conglomerates has already been 
referred to. If it be allowed that the beds of Pilot Knob are 

No objection to 

cogiiderin^the of sedimentary origin there is nothing incompatible in the idea 

e™tiTerock an ^ lat ^ e mate,, i a l °* su °h sediments was originally of eruptive 

origin. The replacement of the sediments by iron ore is, to 
say the least, as easily accomplished as in the case of eruptive 
rocks. 

If the Pilot Knob ore is of sedimentary origin, the questions 
arise, are there no other deposits of similar origin, and why are 
not others to be seen ? 

The answers to these apparently simple questions are exceed- 
ingly complex. To answer them recourse must be had to a con- 
sideration of the conditions under which the ores were probably 
formed. Calling to mind the conceptions of the pre-Cambrian 
topography described under the discussion of the origin of the 
ore deposits of Iron mountain and others similar to them, we 
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Fio. 80. Ideal section of topography in Archaean time. 




Fig. 31. The same after deposition of iron ores and after 

erosion. 




The next stage will be that of Fig. 31, where the now hardened 
sediments at 4 will resist erosion and the former water bed will 

itself be lifted up as 
a hill brought into 
relief by erosion of 
the surrounding por- 
phyry. 

Fig. 32 represents 
a period when the 
former lake bed, at 
7, has been entirely 
swept away. Dur- 
ing this period the 
stratified deposit, at 
1, has been under- 
mined and the de- 
tritus has been scat- 

Fio. 82. The same showing growth of boulder ore beds. tered along the slope 

of the hill or rolled down 
to the valley below. 

Fig. 33 shows the entire 
series covered by a mantle 
I of Cambrian rocks. This 
period, of course, repre- 
sents a time when ero- 
sion has ceased, a period 
when the sinking of the 
Archaean continent gave 
full sway to the Cambrian 

Fio. 34. Si».rae as exhibited to-day. seas. 

Fig. 34, the last one in the series, represents a period of time 
which, practically extends to the present. Here, by the elevation 
of a continental area, the work of the Cambrian seas is being un- 
done. The more easily eroded sedimentary rocks are being swept 
away more rapidly than the more refractory porphyry, and grad- 
ually, with the sweeping away of these rocks we are looking 
upon an Archaean landscape preserved, almost unaltered since 
the beginning of the Cambrian age. 




Fig. 33. Ideal section of Pilot Knob covered by 
Cambrian limestone. 
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twelve square miles in which iron ore has been found, while the 
area in which workable deposits have been found could easily be 
limited to much less. This h contrary to experience generally. 
In the range of mountains reaching from central Pennsylvania 

M potito^MenSi trough northern New Jersey and southwestern New York there 
wfK^he"rooks are ' ar g° deposits of magnetic iron ore. These deposits are dis- 
lowhich they tributed throughout the entire length of the major axis of this 

range. In New Jersey alone there have been at least 325 open- 
ings made in an area covering less than 700 square miles. There 
were, in 1890, 32 of these in active operation. The area in New 
York State is much less and there are proportionally 'fewer 
. mines, but there are, nevertheless, many known deposits. The 
same may be said of Pennsylvania. It will only be sufficient to 
mention the Lake Superior region to recall that the same is true 
there also. This persistent association of a given mineral with 
a certain rock is by no means confined to iron ores, but is true of 
mineral deposits generally. It is all the more surprising, there- 
fore, to find such an exception in the region of the porphyry rocks 
of Missouri. In the light of the facts given in regard to the de- 
posits at Iron mountain, Pilot Knob and other minor deposits, it 
may be well to inquire if there is no reasonable way of account- 
ing for this apparently striking exception than simply to say that 
there are no other deposits than the ones mentioned above. The 
specular ores in this region are all of undoubted secondary prigin. 
Even the bedded deposits must have been secondary to the vein 
deposits if contemporaneous with the beds of rock. If the outline 

T 5eem 1 S> h 2e 7 an r68 of the history of the origin of the porphyrx ores as given is at all 
SSe! pMontothu in accord with the actual history, there is no good reason for 

supposing that the deposits already known are the only ones 
which may exist. If, in Fig. 34, the porphyry hill at 3, 
capped as it is by sedimentary rocks and ores, had been eroded 
to the point of the entire destruction of these beds, we can very 
easily imagine them to have been reduced to a conglomerate form 
and to have been covered by Cambrian sediments to such a depth 
that subsequent erosion would fail to expose them. Again, we 
can imagine that beds may have been formed at a lower level 
thau the original bed referred to, which may never have been 
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place has done little more than to concentrate the ores and make 
them more accessible and cheaply mified. Deposits, of which 
Shepherd mountain may be taken as a type, are in remnants of 
hills high above the surrounding country. If we regard the 
bedded ore deposits of Pilot Knob as of sedimentary origin, and 
one can hardly doubt but that they are, the underlying contact 
line of solid porphyry which includes this bed must be taken as 
the level of a one time valley or depression among porphyry 
hills. Below the level of this line the level of now existing val- 
leys, must be regarded as the work of erosion. 

Prospecting for deep untouched or unweathered vein deposits, 
therefore, becomes rather unattractive and unpromising. If 
entsofore ^ey ex ' s ^ they lie more or less deeply buried under Cambrian 
i*aiin5of sedinjents of varying depths. Prospecting for fragmentary ore 
t\d? ,tal made up from weathered surface beds promises much greater 
results. In such cases, in the place of having no exterior 
guides, we have either remnants of veins, such as are exposed 
on Shepherd mountain, or scattered fragments in the clays like 
those at Clark mountain and on the hill west of Iron mountain. 
As has been pointed out, the destruction of vein deposits gives 
rise to beds of conglomerate and the hematite boulders of the 
conglomerate being more indestructible than the porphyry, will 
move farther and farther down as erosion progresses. If, for 
instance, pre-Cambrian erosion had gone but little farther, the 
Iron mountain deposits would have been hidden completely from 
sisrht beneath the rocks which now flank the mountain. . The 
most hopeful place then for further prospecting will be beneath 
the limestones and sandstones that flank mountains and hills, upon 
which are already tiaces, or even more, of specular iron. 



SUMMARY. 



To sum up briefly the salient features of this chapter, the 
following facts can be stated from the stand-point of the geolo- 
gist. There is little hope of finding new and large veins of ore 
in the solid porphyry hills. Diamond drilling has shown that no 
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other large veins exist in the solid porphyry hills in the vicinity 

of Iron mountain and Pilot Knob. If other deposits exist they Good reasons for 

are beneath the Silurian rocks in the porphyry valleys. It is tai.or even reinv 

*•**'•' y deposits may 

quite probable that such deposits exist. Before permanently exist in the 
abandoning this hitherto rich field of iron ore it is well worth 
while to spend considerable time and money in testing this ques- 
tion on the lines laid out above. 
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CHAPTER IV. 
THE RED HEMATITES OF MISSOURI. 

HBHBX CODHTT — MONROE OOUKTT — LDCCOLK COUNTT — QAXJJLWAT COUMTY — 
OOOFBR OODNTT — SAUKB OOUHTY — BBHTOH, HEVBT AHB fT. GLAIR OOUH- 
TIEt— CONCLUSIONS. 

The specular iron ores and other ores, subsequently to be 

considered, have, %o far as we know, no fixed geological horizon. 

*h nd hematite* That * 8 » *^ e * ron ^ oe8 no M orm an integral part of the geologi- 

2 fcS?2So!<HS TO ^ horizon in which they are found ; but they are essentially 

cat hertson. secondary in their origin. To this general rule for the iron ores 

of Missouri the red hematites form, however, a striking ex- 
ception. They form distinct beds in the Coal Measures and 
Lower Carboniferous rocks and their age is thus definitely fixed. 
Unfortunately they seem to be of limited extent and not at all 
co-extensive with the formations in which they occur. 



HENRY COUNTY. 

In the Coal Measure sandstone in the vicinity of Brownington 
and Calhoun, in Henry county, red hematites occur as lenticular 
masses which grade, by easy steps, into the sandstones in which 
they are found. Here they are usually highly siliceous on account 
of the grains of sand which are scattered through the ore. These 
deposits are not of themselves extensive though they are rather 
numerous. 

In Prof. Broadhead's report on the * 4 Geology of Northwestern 
Missouri ,% ! he says: 4% At Laban Parks, one and one-half miles 
north of Calhoun, the upper series of the Calhoun rocks contains 

1 Report Geological Survey of Missouri. IS72. Part second, p. 23. 



Vr*_. •._  



Varieties of ores. 
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deposits may yet be found in this locality as well as in other 
localities of Lower Carboniferous rocks. 



LINCOLN COUNTY, 

In Lincoln county, ores similar in nature but rather more 
promising as to their outcrops, have also been observed. In the 
Report of the Geological Survey of Missouri, 1872, Part II, p. 
281, Prof. Potter haadescribed these occurrences and his descrip- 
tion of them is here quoted in full, since no developments have 
been made since his report was made. 

Prof. Potter says: "Iron ore of excellent quality occurs in 
Lincoln county to a considerable extent, but the character of the 
deposits renders it improbable that it can ever be the source of 
an. extended industry. After the completion of the railroads 
now in process of construction through the county, however, 
and with the consequent increased facilities of transportation, a 
large part of this ore may be shipped to neighboring metallur- 
gical centers, and there command a good price." 

" These ores may be divided into two general classes according 
to their mode of occurrence. 

I. Brown, hydrous oxides, occurring in crevices and in irregu- 
lar cavities in the Upper Trenton limestones. 

II. Compact red hematite in loose masses, scattered over the 
surface in various parts of the country. 

The ores of class I are limited to T. 50, R. 1 W., as far 
as observed. On the land known as the Morris tract, several 
excavations were made a year ago, in one of which a considerable 
amount of ore was found. This occurs in a ridge north of Fort 
Spring Branch, in the receptaculites limestone of the Upper 
Trenton. A section of the strata at this place is here given." 

" The annexed sketch, which represents a section through the 
bed, will show truer than a mere description, the character 
of the deposit. The depth of the cavity is twenty feet, and, 
at the bottom, a small passage leads off at right angles a dis- 
tance of five feet. (A) represents the Receptaculites limestones, 
and (B), at the surface, a layer of barytcs or heavy spar, from 
one to one and a half feet thick, the upper part in large crystal- 
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in the ravines and beds of streams. In such places the fragments 

toftturinf r rur are generally smaller and more or less completely smoothed, 

ow. while, on the ridges, larger pieces occur with well defined edges 

and angles, on the top of the ground or distributed through 
the soil and gravel down to the limestones* but, in no case in the 
latter, the underlying limestone is generally the Archimedes 
though it is frequently the encrinital. There is no direct connec- 
tion between the ore and the limestone. Many pits have been 
sunk where the ore is most thickly scattered, and it is found to 
give out on reaching the limestone. The ore, though in some 
places rather too siliceous, is generally of excellent quality, as 
appears in an analysis made by Mr. Chauvenet of an average 
sample : " — 

No. 1. 

Per Cent. 

Insoluble siltctons matter 7.55 

Peroxide of iron 91.95 

8ulphur 0.017 

Phosphorus 0.010 

Metnli o Iron G4.36 

Two other samples from different localities afforded: 

No. 2. No. 3. 

Insoluble silieeon<* muter 1 1 .•10 4.10 

Peroxide of iron $•;.:*: 92 32 

Metallic Iron • *»'^ «M* C6.72 



Til* 04TV IM4> l'* 

*\uih the 
liwUta of eel 
ta*i** « tut 






% » This ore is >pread over many square miles of surface, and 
in varying quantities: at some places a few scattered masses 
ooour and at others the yield would he over one hundred tons to 
the aere. At some time it may ho found profitable to gather this 
ore :utvl shio it to noi£hhorm£ iron work>. and this could be done 
at httlo expense. A lar^e outlay for the utilization of this 
material wouM not ho profitable/* 

%% Thv >o fra£:nen:av\ mas^o< of iron ore seem to have been 
derived fro:p. some h-^ho: formati.»:t>, ::\ wh'eh the original beds 
of iron ore o\ >u\i \Y::o:her :ai> rorru .t:*u was one of the 
upper I:mo<o:*o< of :he l.o^or i\ir*vr. : .toro;;s series or the 
Feu ;ur*o;;> v.\ *.o.>; *:».o^. o; *f :'.;o </.*.. Me.ts :ros. it would be 
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* 

On Shaft hill the ground is now entirely fallen in, thus obliterat- 
ing all means of comparing the two localities. 

As this locality has not been worked since 1872, Dr. Schmidt's 
report is here copied in part: " This hill of which a geological 
section is given (see Fig. 64) is one of the most hopeful and one 
whose structure is most clearly seen in this district. The limon- 
ites, sandstones and conglomerates are exposed in several places 
forming a high bluff. The ore and the strata overlying it are 
bu««'in tuTprin* not exposed, and have to be judged from pieces found on the 
Dunn « »hu&. surface. Fragments of this ore are found at a certain level 

all around the hill. A stratum of ore undoubtedly runs en- 
tirely through the hill and the thickness, from the surface in- 
dications, be estimated from one to three feet. In some places, 
however, it seems to reach a thickness of five feet. The hill is 
nearly round and has, at the level of the ore bed, a diameter 
of about eight hundred feet." 

The quality of the ore may be assumed to be the same as that 
found on the north side of the ravine at Raph Dunn's bank. Two 
analyses of the latter ore, personally selected by the .writer and 
analyzed by the St, Louis Sampling and Testing Works, is as 

follows: — 

Slaty Gangik. Hard Kidnky Ork. 

Per cent. Per cent. 

InsoluMc matter * 0».^5 9.66 

Metallic iron 45.17 57.20 

Phosphorus. 1 .^t*» 0.07 

It > v i 1 1 bo noticed that Dr. Schmidt does not describe a layer 

of sandstone yit»xar the ore body, while at the Raph Dunn bank 

this is distinctly observable. Further, he observes a thick bed 

, %1 4- of sandstone and conglomerate under the ore body, while, at 

the ititawwt* \w * 

!^^**V the Raph Ounn bank, though the underlying rock is not visible 
jy?tl?Mw l iS al ! ' 10 *M vn * u S s « xl * s judged to be lime>tones, since the difference 
*Wi^ui.Mt. m loxcK between the outcrop of iron ;ind the unmistakable out- 
crop of so! d limestone. will not admit o: a thick bed of sandstone 
;\;n^ be: ween the two. These discrepancies mav be readily 
;;ndct stood, tot ,: :> o\ r.o :^e*::> ditficat xo imagine that a bed 
ot u\m> tr^ht osx-*V..;:c :.■* tw^iio*/. a continuous bed lying at one 
tvr.c ;;r.-ic: ,* bco, ot" ^.vvo.^or.e sr.d a: another time above it. 
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work has been done. It may be stated in general that there are 
a great many stony or rocky hills near these streams where 
porous, red hematite in scattered fragments, as well as kidney 
ore, are quite abundant. 



SALINE COUNTY. 

In Saline county, township 48, range 18 N., Sec. 15, there is 
a thin bed of hematite which crops out in the bed of a brook. 
The hematite seems to lie, at times, on a crinoidal limestone and 
then, at other places, to be separated from the limestone by a 
thin stratum of highly ferruginous sandstone. The hematite 
scattering dcuos. bed itself is not over five to ten inches thick, but is of a very 
on found in thu brilliant red color and is very pure. Overlying it is about ten 

feet of incoherent water-worn sand and pebbles, probably a 
decomposed sandstone. The only work that was ever done here 
was about ten years ago, when a few tons were taken out and 
shipped to Chicago. It was probably used as a paint ore. 
There are many signs of iron in small quantities in numerous 
places, but beyond the fact that the outcrops point more certainly 
to a regular bedding, there is no essential difference between the 
localities in Saline and those in Cooper county. In the greater 
number of localities this ore has been wholly changed to 
litnonitc. 



UKNTON, 11KNRY AND ST. CLAIR COUNTIES. 

Following this same formation through Pettis, western Benton 
and eastern Henry counties to St. Clair county, there are in 
manv localities traces of red hematite and sometimes of kidnev 
ore. In St. Clair county this is especially true along the bor- 
ders of the v>sa£e ri\er, and, in Henry county, cm the divide 
^J^Jh^h between the l Vigo and the lirand rivers, tit teen miles east of 
Sm'm cuxV' ttiow :'ir£i»»n on the Utvwnington and Warsaw >tage road. From 

lldlt^u* pv.r.sie to withm a short distance of the ford across the 
iVkc i t\c! :;\c v.;vt\uv of the ^rour.d is covered with large 
Viock> of chcr: . Th> chc:: > rc.ac.e ;:i* almost entirely of 
cvi^c.d ^,o:r> \\ i;! 1 . c:W.* of c.uv.c, hca*:s, brwzans. brachiopods. 



tho I »»*** car 
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CONCLUSIONS. 



It Is concluded 
that these red 
hematite ores 
are bedded de- 
posits. 



The Source of the Ores. From the description of the Calla- 
way county ores it will be seen that in all probability Prof. 
Potter is quite right in assuming that the red hematite ores of 
Lincoln county are the remnants of a younger series of rocks 
that formerly overlaid a part of Lincoln county. The kidney 
shaped, hard, compact nodules are the same as are found in 
places in Callaway county, and these ores are here seen to be 
interbedded with sandstones and limestones. If additional proof 
were needed it can be found in other localities of the Lower 
Carboniferous, where such rocks are found in almost every 
stage of disintegration, even to the removal of all traces of the 
formation save some scattering fragments of compact red 
hematite as, for instance, just across the' Osage river from 
Warsaw in Benton county. 

The value of these ores lying in the localities above named 
is entirely relative. It depends upon: 1st, extent; 2nd, 
T oreVdopend8° 80 cost of mining; 3d, transportation to points of consump- 
tion. These questions will be considered fully in the chapter on 
"Limonite Iron Ores." What is true of them is also true of 
the red hematites. The points there outlined will, however, be 
briefly reviewed here. 

The Extent of the Deposits. As to the extent of the 
deposits a really this is indicated by the extent of the geological 
formation with which they are associated. The outcrops are by 
no means of brilliant promise. The ores are fair in quality, but 
they are not so pure as to force exploration in the face of 
doubtful success. Their outcrops are not so extensive, nor on so 
largo a scale as to stimulate prospecting with an eye to the 
establishing of large iron works, depending on these deposits as 
a source of ore supply. On the other hand, they are bedded 
deposits and they can he reckoned on as extending for a consid- 
erate distance, radially and horizontally from any given out- 
crop. The depth to which a prospect hole must be sunk to test 
the thickness* of the bed will nowhere exceed forty feet, and 



upon extent, 
cost and acces- 
sibility. 
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on his iron outcrops and note the thickness of the bed, there 
i m to oxtent would be very soon data upon which reliable estimates could be 

>uld be made J r 

DwiT idlltl ,nft de. These prospect shafts as already pointed out could be 
made at slight expense and would very soon settle the whole 
question as to the value of the iron prospects in the Lower Car- 
boniferous rocks. 
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CHAPTER V. 
THE GENERAL GEOLOGY OF THE OZARK UPLIFT. 1 

THE OZARK MOUNTAINS — THE 8TRATIGRAPHT OF THE OZARK8. 

The two preceding chapters have dealt with ores which occur in the Archaean 
and Carboniferous formations, in the eastern and northern portions of the 
State. The ores which are the subjects of the two succeeding chapters occur 
largely within the area of that interesting central portion of the State termed 
the Ozark mountains. A discussion of some features of the geology of this 
area relating particularly to the subject in hand, is, hence, appropriately intro- 
duced here. A. W. 

THE OZARK MOUNTAIN8. 

Area and General Characteristics. The term, " Ozark Mount- 
ains/' has so persistently crept into literature, both lay and 
scientific, that it is exceedingly difficult to be gotten rid of. The 
area to which this name is applied is mountainous in name alone. 
It is a great, elliptical, dome-shaped rise extending, along its 
major axis, from near St. Louis, S. 76 W., to the southwestern 
part of the State. Along the minor axis the distance across the 
Uplift is about one hundred and forty miles.' From its highest The Qxark llft 
point, which is at Cedar Gap on the Kansas City, Fort Scott, l ^^tw^ 
Memphis and Birmingham railroad, to Mammoth Springs, op ic°oB8thesut« 
the same road, there is a descent of about eight hundred feet in 
fifty miles. From Cedar Gap to the Missouri river, near Jeffer- 
son City, the distance is about one hundred and fifty miles with 
a descent of eleven hundred feet. Following a straight line 
down the northwestern and southeastern slopes the distance 
would be shorter by about fifty miles, and the average slope of 
the Uplift toward the southeast would be a little more than one 
degree while to the northwest the slope is less. This slope, 

1 For this very expressive name we are indebted to Prof. G. C. Broadhead of 
Columbia, Mo. 
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though all sufficient to produce a torrential flow in a stream 
flowing directly down it, is offset by the fact of the meandering 
courses of the rivers ; their flows, though swift, are, therefore, 
not torrential. Current river, the swiftest of these streams, is de- 
clared navigable to Van Buren in Carter county. It could be 
navigated even further were the volume of water greater. The 
same may be said of the Gasconade and its branches, the Big 
Piney, Roubidoux, etc. There are no water-falls in any of these 
streams, nor in fact, are there great rapids. They can be fol- 
lowed in skiffs from source to mouth. 
1 into Topographic Sub -divisions. Topographically the region of 

MdrtTw ^ c Ozarks may be readily divided into 1st, a plateau region, 2d, 
m region. a ^{{[y or mountainous region, and 3d, into a region of river 
bottom. 

The plateau region occupies the crest of the Uplift and near 
it, or in it, the streams have their origin. The counties of 
Dent, Crawford, Texas and Wright cover nearly all of this area. 
The country here is hilly and constitutes what has been known 
as the " Second Sandstone region." The area for the greater 
part is a tine one agriculturally. The surface, gently rolling for 
the most part, is well drained naturally, but at the same time 
y roiling, the hills or rolls arc not steep enough to prevent easy tillage on 
the steepest slopes. By referring to Sections 1 to 3 in the ac- 
companying plate of sections the two facts above pointed out 
will find confirmation, i. <\, that the hills are not high and that 
the region is essentially a sandstone one. 

Following down the streams in either direction, however, we 
note that the bluffs grow higher and higher, the streams more 
numerous, and we pass, by insensible izradations, into a countrv 
out up by deep canons or gorges with steep walled divides. We 
are now in the area which gives the Uplift the name of mountain. 
While at the base of these steep sided hills we cannot escape the 
feeling that wo are among mountains. A climb up the slope 
dispels the idea, however. Instead of a commanding view from 
the summit of the divide we look forth upon what in the dis- 
tance appears to be a plain stretching away on every hand. The 
mountain crests rise to the suno level as far as the eve can 
reach. Barometric o**>or\at : ons made a< one tioats down the 
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rises rather steeply. The hills are high with moderately steep 
slopes, but comparatively few rooky ledges are found, and the 
hills are tillable for the most part to Dear their summits. These 
sumtnits are usually capped by sandstone , more or less broken, 
and these fragments yielding less readily to the action of the 
elements, make the ground too rough to be available for tilling. 
But the most striking difference between the two regions is that 
northern on the southern slope, the river bottoms are of easier grade 
and are often swampy ; while, on the northern slope, swamps 
are practically unknown. Gasconade, Osage, Cole, the lower 
parts of Maries and Miller counties, are good examples of the 
steeply rolling country with rich farms lying along the river 
bottoms. 

Tlte Soils. The soils of the whole region are clayey or loamy* 
Sandy soils rarely exist. On the slopes and summits of the 
steeper hills chert is so abundant, owing to the washing away 
of the soil, as to prohibit cultivation of crops, although fruit 
trees do well. These facts can be well appreciated when it is 
remembered that the whole of this region lies below the line of 
glaciation and that the soils, with the exception of the river bot- 
toms, come entirely from the rotting of the rocks in place. The 
rocks are limestone principally, except in the sandstone regions, 
and the soils are thus residuary, the insoluble portions of the 
iaare limestones. The river bottoms, of course, are also made up ot 
nwtoneT *he debris washed from the hills. It would follow, therefore, 
paiiy. that* over these bottoms the soil would be deeper and richer. 
In addition, nearly every freshet raises the water over the banks 
of the stream whence it flows over the entire. bottom, and stand- 
ing or only slowly retreating with the fall of the stream, a fine 
deposit of silt is left. Even where the bottoms are narrow the 
fertility is great year after year, and, unless the crops are de- 
stroyed by storms, heavy fields of wheat and corn or oats are 
raised, although fertilizers are never applied. The last is true of 
the uplands, but the crops are never so great, though, not being 
subject to floods, they are more sure, and though the continuous 
wash from the hills renews the soil, this is to a less degree than 
in the bottoms. 

The Drainage. Like many other features of this section the 
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of the Missouri river, such as are known as brooks in the eastern 

part of the country. In this respect it presents a striking 

m« want- contrast to hilly or mountainous countries elsewhere. There 

k All M 

w. are many water courses visible on the surface but there is no 

water in them generally. Yet these same water courses may, 
in three hours' time, be swelled with impassable floods. As 
an instance of the rapid rise of the larger streams, as well 
as of the smaller ones of the Ozarks, it may be mentioned that 
the Big Piney in May, 1892, rose twenty feet from 4 p. ra. to 

laeof tho 12 P* ln - The Current river during the same month rose twenty- 

"*' seven feet in about the same time. The cause of this rapid 

rise of the constant streams, as well as of those which may be 
referred to as ephemeral, is very plainly to be seen when once 
one is familiar with the region. The hills are canon formed and 
consequently steeped walled. Even a gentle rain keeps the 
rocks nearly washed hare of soil. To heavy rains the thin soils, 
even when held in place by the scant vegetation, and the all but 
naked rocks, present little check to the water and in the course 
of a few hours the entire rainfall will be poured into the narrow 
stream bed. The floods subside almost as suddenly as they rise. 
On tho hillsides there is no soil to hold back the water and to 

iniCT 1 * give it up little by little in the form of brooks, and, in the valleys, 
or what would correspond to them, the water sinks through the 
soil and then percolates through the porous rock floor of the 
country to appear later in the form of springs. Even with this 
brief and imperfect description one can imagine the powerful 
erosive effect* of this drainage svstem. But to float down one 
of those turgid streams and to hear the incessant grinding and 
knocking of sand and pebble in the swirling water one can gain 
an idea of its power which words alone will fail to convey. 

o\; » •»» *i . % < . 3 ' j «' ,S u^ : f ?*•%? i r\? f i i"f\vfh) •*.$ . Anot her i m port an t factor 
m tho doxolopmont of the tonography of the Ozark mountains 
a iv tho gjoat >p:-.ngs. For these phenomena the count rv is well 
formed li'.xon the e is.lv so'.tMe !:r.e>:o^e rocks: and an uplift 
whoso >toiv s <v> gv % n:'.o a* to ^rvv!.;.:;? torrearal streams, the 
rapid rtow of «>,:;>, :akc< awa\ tho water *:vf^re its solvent 
powc:^ ea \ v:\\i.;vv ,;r eft\vt, .»o. hero ate the ideal conditions 
f ot t :*. e V 1 a * v : a : ■. o .*. o : a v ,; r. ,: o : ^ : \ x .; r .: . : ra : .t a^r svstem on a va*t 
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Fork it runs into a cul de sac formed by a crescent-shaped mount- 
ain five or six hundred feet in height. Just before reaching 
this mountain it sinks from sight and reappears a mile away on 
the other side of the mountain in the form of a large spring. 
There are numerous other instances which might be cited, but 

rroand*" enough has doubtless been said to amply suggest the reasons for 
the conclusion that the whole of the Ozark system is undermined 
and honey-combed by underground waters. If further testi- 
mony were needed it may be had from the fact that many of the 
smaller springs, and some of the larger ones, emerge from caverns, 
a few inches to several feet in height, which come from unknown 
distances under the bluffs from which they emerge. 

From these known causes and their visible effects we can 
reason back to the past with the full assurance that under- 
ground waters have played an important part in shaping 
the present topography. From the foot of almost every per- 
pendicular bluff to near its summit the heavy limestone is com- 
pletely honey •combed with cavities of various sizes, some of them 
being large caves reaching far into the bluff. From our observ- 

xiwk* at ions of the springs which now exist at water level, we can 

itrmMumt imagine that these too were once subterranean flows before the 
stream had cut its way down to its present level. Farther down 
the stream where the bottoms begin to widen, the bluffs are 
oovered with a talus of broken rock and onlv occasional beds of 
rook arc visible. But from the often disturbed condition of 
those rooks we can imagine that here a still more advanced stage 
of underground erosion has been reached leaving an unsupported 
roof to break and fall in. Not quite as noticeable, but yet very 
apparent, is the disturbed condition of the sandstone in the 
\ iohul v of a spring and the broken fragments that cap the more 
isolated hU'*s farther down the stream. All these facts, in the 

*.*.*,:■•.• * {,£h; of ;ho Knowicdsv whvh wo have £a : ned from the now active 
>p:i: % £s. jv;:*.; to the SsV.r.e orosive *o: :«>:.:. In the plateau region 
wo oa x . £r.»; owr. r,ow traoes of s^r : .::^s, bu: t he v are small in 
±\sc a"»i tVoSo v a;: , .» v .* a< vv:v;\s:*\i «::h o:iers farther down 

• l » »» x. " * S "• x. x * * * v I 






y\- r ■;•:. : I: :v.-;> V-.* /.>ko,i *r.«: effev: has thistopog- 

vav>.\ o. v ^c--- ^ *-* ivvi*:*." : :iv.\ r< i-is^ered t&at the 
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of this formation at one time extended over the whole Uplift. 
Lying around the borders, also, are found occasional deposits of 
coal of limited size. These deposits* or pockets as they may 
more properly be called, are found quite numerously scattered 
through the mountains. 1 

Though the great area of ArohfBan rooks lies, properly speak- 
ing, beyond the recognized limits of the Uplift, these rocks, 
consisting of granites and porphyry, are found far within the 
boundary lines. In Shannon county, along Current river, from 
a little above the mouth of Jack's Fork and down to Van Buren, 
Vju-5 l>ur * in Carter county, the porphyry rocks are frequently exposed. 

ot the Between the mouth of Jack's Fork and Eminence, Shannon 
i. 

county, are numerous outcrops. Granite is also found three 
miles below Van Buren on the Current river. In Camden county, 
township 37 N., 16 W., Sec. 32, is a small outcrop of graphic 
granite. This is the only outcrop of the kind which has thus 
far been observed in the State. 

The Minerals of the Region. The minerals of economic value 
which are found in the Ozark region are lead, zinc, iron, coal, 
manganese, copper and silver. Lead and zinc, in the form of 
sulphides, are found widely disseminated throughout the rooks 
of the Ozark series. They are found in veins and pockets and 
are certainly of secondary origin. That they are secondary is 
proved by the facts that they are found with calcite, (*• tiff,*') 
and burito, in well-defined crystals and with marcasite and pyrite, 
lining cavities or pockets and along the walls of veins in the 
limestone rocks. Iron in the form of limonite is found widely 
and abundantly distributed throughout the whole area. Specular, 
ore is found in the plateau region of the Uplift and also in the 
**k ls ro P or Phyry rocks. These mineral are discussed fully under the head 
**y. of Limonite, etc., in the following chapters. Mangauese is also 
widely distributed, hut « unfortunately, so far, it has not been 
found in workable quantities. It occurs as a cementing material 
in sandstone in Howell county in a number of localities. It also 
occurs in the veins in the porphyry near Pilot Knob. 2 It has 

1 For a fuller description of the geological relations of these rocks, see 
Bull. Qeol. Soc. Am., A. Wlnslow, Vol. 3, 1S91. 

s Prof. R. Puinpclly, Rep. Qeol. Sur. Mo. Part I., p. 20, et seq. 
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rocks of the Uplift. Tbo sandstones occur in such a way, 

apparently at least, as to make convenient datum points by 

iimMtooeH means of which the associated beds of limestone can be correlated. 

landatonea 

Koiiodby This correlation has been made in the following manner. Start- 
ojritta. jug w |th the Lower Carboniferous limestones, which are fossil- 
iferous and are thus easily identified, it has been observed that 
these rest, in places, uncomformably on a magnesian limestone. 
Second, beneath this limestone a heavy bed of sandstone has 
boon noted. Next, another bed of limestone, also magnesian, is 
found; and so on until four beds of magnesian limestone have 
been reported as alternating with these beds of sandstone. The 
following section (Fig. 40) compiled from Prof. Swallow's re- 
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Second Sandstone. 



Third Magnesian Limestone. 



Kio. 40. Sootion of tho Magnesian Series of rocks compiled by Shnmard 
from obtcrvaltona made in Ste. Genevieve county. 

port, published in 1855, shows the supposed alternations of these 
rooks. From Prof. Swallow's time down to the present time 
alternating beds have been referred to as First, Second, Third and 
i^tahou* ^ ourln masrnesian limestone: and First, or Saccharoidal, sand- 
• $S!r** T stouo » Seoond sandstone and Third sandstone. As a result of the 
writer's observations during the past two years, he is, however, 
led to the conclusion tint the reasons advanced for thus separat- 
ing the formation hv means of the sandstones are insufficient. 
The p:iuc::\ of fo>s:l remains lead the earlier jreolo<n>ts to have 
rvcom>e to idem -.tic a on !\\ means of 1 ;h. -logical characteristics, 
and these. m an\ c.i-o. a:c \ erv unsa:*s\i/tory. Thus, the name, 
N.j,v : ..:- .-..;..', ha> N\ n ap;\.c.: :o ;>.c first >andstone. The fact 
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Prof. Broad head again refers to this sandstone in Osage county: 
"This formation is found only in the eastern part of the 
county, capping most of the hills as far west as Linn and 
Chamois. Farther west it was not observed. It is ten feet 
thick on Galloway's Prairie. About Sec. 28, Township 43, 
Range 7 W., it is ten feet thick." 

In Mr. Meek's report on Miller county 1 he speaks of 

recognizing the First or Saccharoidal sandstone: "This 

member of the Magnesian Limestone series was only 

m uitr oountj. recognized on the higher country in the northern part of the 

county. The farthest point toward the south at which I observed 
it is in the northwest quarter of Sec. 2, Township 41, Range 14 
W., where it crops out on a small branch of Saline creek, show- 
ing a thickness of about sixteen feet. At auother place, about 
2 1-2 miles further to the northwest and near Cole county line, 
large masses of this rock were seen on a ridge indicating a 
thickness of over twenty-five feet. Similar bodies of it were 
likewise observed on the summit of the highest part of thetounty 
* in the northeast quarter of Sec. 11, Township 42, Range 14 W.; 

it also occurs at another place about one mile north of this out- 
crop, at about the same elevation." 

In Morgan county Mr. Meek 2 also notes Saccharoidal 
sandstones : " Exposures of this sandstone were seen in 
almost every township north of Versailles and at a few places 
southeast of there, in Township 42, Range 16 W. It generally 
crops out on or near the more elevated portions of the county 
tuM<»rf*u county. am ] rarely forms continuous exposures of much extent. Some- 
times it thins out quite suddenly to only a few feet in thickness 
and in other cases swells very abruptly from 10 to 15 feet to as 
much as 50 or t>0 foot." First sandstone is also "recognized " 
in Saline county cropping out on the Missouri river, by Mr. 
Shumard.* 

On page 1JM Mr. Shumard refers to the First sandstone in the 
following terms: %% This formation appears merely as outliers 
of no groat extent on or near the tops of the highest ridges of 

 Kepori Mo. ViOo!os:iv*l Survey, :>,\$ ;o 1571. p. 110. 

' :>!.»., p. w*. 
r ;.\o . p i:s. 
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Warwick Hough, Esq., is also given in full. A copy of this sec- 
tion is introduced on p. 40, as Fig. 40, of this report and the 
following description is further copied in order to bring out 
clearly the method employed in the identification of these sand- 
stones and limestones. 1 

44 First Magnesian Limestone. This member in Ste. Gene- 
vieve consists usually of thin, even bedded, buff, and cream- 
colored silico-magnesian limestone, passing sometimes into a 
nearly pure dolomite. It forms for the most part smoothly 
rounded hills, with gentle declivities, from which strata project 

Characteristic* of A . A _ . _ ,, , ,. m* * * * \% 

rtnt Magnestan at intervals in loner parallel lines. The suifaces of some of the 

limestone In ° * . 

St. Genevieve layers are marked with vertical joints, intersecting each other in 

every direction, which have been formed from the shrinking of 
the strata while in a soft condition, and subsequent filling of 
the cracks with fine mud." 

" The First Magnesian limestone forms the prevailing rock of 
the hills at the heads of Fourche a Polite, and North and South 
Gabouri, and extends northwest in a narrow belt into Jefferson 
county, crossing the Establishment below the mouth of the 
Fourche Duclos. It is also exposed on the Aux Vases below 
the mouth of Mill Creek, and on the Saline near the line - of 
Perry county. Its thickness in Ste. Genevieve I have estimated 
at 150 feet." 

44 Saccharoidal Sandstone. This important formation consists 

of white and ferruginous sandstone, occurring, usually, in 

massive beds. Its lithological and chemical characters in this 

saccharoidal country have been fully described by Dr. Litton, in the second 

Annual Report (Part II, page 85 ). 2 It extends southwest in a 
narrow strip, from half to three quarters of a mile wide, from 
the head branches of the Isle le Bois to the Aux Vases, which it 
strikes below the mouth of Mill Creek. The best exhibition of 
it to be found in the couutv are at the 44 White Sand Cave," 

1 Ibid., p. 298. 

2 Dr. Litton merely says that this is a remarkably white sandstone which 
crumbles easily upon slight pressure ; that it is made up of rounded grains with 
little or uo cementing material. Il does not color by heating and probably 
would not stain the glass made from it. These are all the lithological characters 
given. F. L. N. 
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the Second sandstone, in this part of the county, may be safely 
stated at 150 feet, although we have not seen a greater thickness 
than eighty feet exposed at any one point. Nearly the whole 
pine district of this county is underlaid by %he Second sand- 
stone. 

" The Third Magnesian Limestone is principally met with in 
the cuts of the streams in the western and southern portions of 
the county. It is the prevailing rock of the North Fork of the 
Saline and tributaries throughout nearly their entire course. We 
find it also well developed on the upper part of the Establish- 
ment and its branches, and likewise in the head waters of Fourche 
Duclos. On all these streams it presents the usual lithological 
characters of the mass, frequently forming bold escarpments, 
with mural faces, and sometimes exposed to the height of 150 
feet." 

The last reference to the First sandstone is made on page 308 
of this report and is mentioned under Jefferson county. 

Inadequacy of Earlier Observations. Several references are 
also made to this series of rocks in the Geological Survey Report 
of 1873. The figure on p. 96, copied from Mr. Shumard's 
section, 1 shows the order of- sequence. The fact, however, that 
this sequence is a compilation and not made from an actual 
exposure must be carefully borne in mind. In the first place the 
First Magnesian limestone is recognized, not identified, at the head 
of Gabouri creek. Second, the First sandstone is recognized at 
least three miles distant at White Sand cave. Third, the Second 
Magnesian limestone is recognized in the middle of the county. 
Fourth, the Second sandstone is recognized in the western (and 
highest) part of the county. Fifth, the Third Magnesian is 
recognized at the head of the Aux Vases and Establishment 
creeks. That is, the column is made up of the various rocks 
from observations at isolated localities covering almost the en- 
tiro county. Special emphasis has been laid by the writer upon 
the word *• recognized" since this word, or ** observed," is the 
one universally adopted by Mr. Shumard and the other geolo- 
gists in record ins; the results of their studies of these rocks. 



 Noport i»tvlo$ioal Sunoy of Missouri, 1S,V"-!$TI. op. p. 292. 
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this is in the so-called artesian well at St. Louis. This well was 
put down with a churn drill so only triturated fragments of rock 
were taken out, and from these data the section was constructed. 
Means Available for Correlation. By far the most conclusive 
evidence in the establishment of horizons is the occurrence of 
characteristic fossils. Unfortunately, in this respect, the rocks 
of the Ozark series in the Ozark Uplift are very deficient. This 
is by no means due to a lack of life in the Cambrian seas at the 
time these rocks were deposited, for certain localities show the 
former presence of abundant fauna, but simply that, in the 
greater part of the rocks, all recognizable traces of life have 
been destroyed. The problem of establishing the identity of 
m two or more outcrops of sandstone or limestone thus becomes 

r systems of ' 

!2***?M!? P " exceedingly difficult. With these ready means of identification 

r means of ^ J J 

rreiauon. almost wholly wanting the work of correlation, even under ordi- 
nary circumstances, is an extremely difficult one. The river sys- 
tems of the Ozarks, however, have done much to obviate this 
difficulty. As has already been pointed out these streams rising, 
as they do, in the higher plateau cut deeper and deeper into the 
rocks of the Uplift as they make their way down its slopes. 
Bluffs, showing every successive stratum, vary in height from 
twenty-five feet or less at the source to over five hundred feet near 
the mouth. These bluffs succeed each other so frequently that 
the varying phases of each stratum can be traced from one to 
the other. In this way also, a given bed or stratum can be fol- 
lowed almost from its inception to its disappearance. 

Sections Along the Big Piney, Gasconade and Current Rivers. 
In prosecuting the study of iron ore deposits of the State it was 
thought advisable to determine, if possible, whether or not the 
specular ores of the sandstone region and the limonite ores of the 

Seethe ° n Uplift followed any particular stratum in the Magnesian series of 
rocks. With this end in view a trip was made by boat from the 
headwaters of the Big Piney river, nearCabool, to its junction 
with the Gasconade river and thence to the mouth of the Gas- 
conade at Gasconade City. This section gives a view of the 
rocks on the northwestern slope of the Uplift. The southeastern 
slope was studied by following the Current river from Riverside, 
in Shannon county, to Doniphan, in Ripley county. It will thus 
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of sections are given on Plate IV., and here also some of the 
sections numbers are omitted in the plates and are given sepa- 
rately in the text. The township, range and section of the 
sections are given only approximately since it was evidently not 
practicable to get them exactly without great loss of time. 
Although not continually in sight it will be assumed that the 
sandstone which is in sight at Cabool is the same one as is 
exposed at Section No. I of Plate III. The reasons for this 
assumption are that from Cabool to this section, a distance of 
about eight miles, the country is only gently rolling, the summits 
of the rolls are limestone, the hollows are sandstone. Further, 
the barometer stands at about the same level at the two places. 
From this point down the river, a very interesting series 
of phenomena is shown. One very prominent fact soon makes 
itself very strongly felt and that is the great and sudden varia- 
bility in the thickness of any given bed either of sandstone or 
limestone. In Section No. I the exact thickness of the sand- 
stone which outcrops there is not known. There is no limestone 
which shows on top of the sandstone, but it is covered with a 
thick mantle of stratified clay, the residuum, probably, of a 
former limestone. This assumption is fortified by the fact that, 
a little distance below this section, argillaceous shales begin to 
appear in the clay, and this, in Sec. 2, gives place to a cherty 
limestone. In Section No. 4 the sandstone grading insensibly 
into ohort and chert v limestone, reaches a thickness, between 
two bods of limestone, of one hundred and forty feet. Again, in 
Soot ion No. 3 a bed of limestone fifteen feet thick appears. In 
Soot ion No. 4 it roaches an observed thickness of twenty feet 
and, in Sootion No. o it is one hundred and ten feet, and this 
ahno>t ontiroly disappears in Section No. 6 and is not observed 
in Sootion No. 7 whore the solid sandstone thickeus to one 
hundred and sivtv-six fool. In Sections No. 8 and No. 10 the 
tendonov of the limestones to form lenses in the bodv of the 
sandstone is well shown. Fr.vu the facts expressed in these two 
section the inference i< tha: :he limestone is a lenticular body, 
since, at corrosive: •.!*.£ levels in Sections No. 7 and No. 9, 
nothing b;:i <oi\i s ir.v>;--v.o is seen. 

The oevr.vrevoo c:" crci: "e^ses of s And stone is still further 
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changes in thickness and signs of undermining, that the bed can 
be certainly identified and followed. 

Paleontology of the Region. Another fact supporting the 
existence of the continuous bed of sandstone, already referred to, 
is the persistent occurrence of a distinct fossil stratum always 
occurring in the same well recognized relation to the sandstone. 
This fossil bed is found, usually, within twenty feet of the sand- 
stone and is, almost without exception, a calcareous chert. The 
proportion of lime to chert varies from an almost pure chert, 
though distinctly laminated, to an almost pure limestone. The 
fossils are, however, almost without exception, siliceous casts. 

A b6?te teioSbie. '^ e distribution of the principal localities may be seen by refer- 
ring to the marginal maps accompanying the plates of sections, 
and to the sections themselves. Comparatively few of the 
fossil localities have, however, beeu located, only the better ones 
are shown of the maps, for they may be found in nearly every 
bluff. At the request of the writer, Prof. R. R. Rowley, assistant 
in paleontology for the Survey, visited some of the localities 
and the following fossils were identified by him. At Hazleton, 
township 33 N., 10 W., Sec. 35, on Big Piney river, he found 
the following specimens : Orthoceras primigenium ( ? ), Ophileta 
complanata, Straparollus minnesotensis, Murchisonia melania- 
formtSj Pleurotomaria sp. (?), Orthis sp. (?) small, Lep- 
tcena sp. (?) and glabella of a trilobite. Near Riverside on 
Current river, township 31 N., 6 W., section 10, he found the 
following species : Sfraparollus sp. (?), Ophileta complanala, 
Orthorceras primigenium (?), Holopoea sp. (?) small specimen. 
Near Akers P. O., a few miles below, he found Orthoceras 
primigenium ^ Straparollus sp. ( ?), liaphistoma sp. (?), 
Ophileta complanata, Pleurotomaria sp. (?), Murchisonia 
melaniafor-mis. There are other localities in which fossils have 
been found, both by the writer and others, which seem very 

F m 8 TOrre£te ent d^rly to point to the correlation of widely separated outcrops 
separated beds. to a synchronous horizon. At the Cherry Valley iron mine, 

more fully described in the chapter on " Specular Ores in the 
Sandstone Region, " a belt of fossiliferous rocks, surrounding 
the bank on the east, north and west sides, has been found. This 
fossil layer is under the sandstone, which shows plainly at the 
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mine, and over the limestone, which crops out in heavy beds 
under the ore bank. The fossils are found in a decomposed 
chert, some in fresh flinty chert, embedded in a clay, referred 
to before as a residuum from limestone. Here Prof. Rowley 
recognizes; Slraparollus sp. (?), Orphileta complanala, Orthis 
sp. ( ?), Cyrloliles sp. ( ?). 

In Wayne, Carter, Oregon, Howell and Taney counties the 
writer has frequently found these fossils in chert. The only No MagIiegian 
evidence that they came from under the sandstone is that they {JJ^y ^"1°" 
have never been found by the writer on top of the sandstone ond 8and8lonc - 
in the cherty clay, though search has often been made. The con- 
clusion is, then, that the sandstones found in these widely 
separated localities belong to the same horizon. 

Mr. Shumard reports fossils from the following localities : 1 

Orthoceratite, Maries county; Slraparollus and Chemnilzia, 

Ozark county ; Slraparollus bigranosus, Chemnitzia, pygidium 

of Arionellus (?) Missouriensis from Wright county. The 

above are affirmed by Mr. Shumard to be from the First sand- Fauna not .auar- 

J . . cient to dlfferen- 

stone. He, however, gives no reason for calling the localities tiate First and 

' ' ° ° Second sand- 

First sandstone, save on the lithological grounds already pointed 8tone - 
out. The fauna is too poorly represented to furnish grounds for 
separation of the First sandstone by means of fossils, and the 
fossils given may, with equal propriety, be considered as corre- 
lating these localities with the so-called Second sandstone rather 
than as establishing the First sandstone on paleontological 
evidence. 

In Miller county, under the so-called Second sandstone, Mr. 
Shumard finds, " Euomphalus and some Gasteropoda." In 
Ozark county he finds the following fossils in Second Magnesiani 
limestone, and, consequently, over the so-called Second sand- 
stone: Murchisonia melaniaformis, Melia, Orthoceras primige- 
nium Liluites complanala, Cltemnitzia reslicula 9 C. ozark- 
ensis, Murchisonia carinifera, Slraparollus vulvalaformis, S. 
bigranosus, Raphisloma grandis, Ii. subplana and Arionellus 
( f) Missouriensis. Also trilobites and gasteropods which are 

1 Report Geological Survey of Missouri, 1855-1871, pp. 10, 192, 208, in the 
chapters on Miller, Ozark, Wright and Pulaski counties. 
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undetermined. In the Second sandstone (so-called) he finds 
liaphistoma and Straparollus acuto-carinalus. 

Especial attention is here asked to the following facts. In 
the first place that the individual strata making up the Ozark 
series have not been sufficiently well defined, by the writer 
above quoted, for their ready recognition to be beyond 
question. It would then follow that the statement that the 
above fossils were found in the Second Magnesian limestoue 
and thus over the Second sandstone and under the First sandstone, 
will not hold in the face of evidence to the contrary. There is 
such evidence and it is as follows : These same fossils have been 
' found by the writer, and identified by Prof. Rowley, from posi- 

tions under the sandstone which Mr. Shumardhas " recognized" 
or referred to as Second sundstone. The localities found by the 
writer bear a verv constant relation to this Second sandstone of 
Shumard. Even if the fossils described by the writer are not of 
themselves sufficient to establish firmly a fixed horizon, would it 
not at least, seem simpler and more logical to hold that the last 
idwcribed fossil locality described by Mr. Shumard goes rather to establish 

inmardgo J J ° 

tabiiaha the fact that the supposed First sandstone is nothing but 



naous 



nnd C Scc > - t * ne s ^ 11 "^ Second sandstone and that the supposed Second 
Magnesian limestone lies under the Second sandstone and not 
on top? In Wright and Jefferson counties Mr. Shumard 
describes fossils, similar to the above, as occurring in the 
Second Magnesian limestone (thus under the First sand- 
stone ). In view of the reasons given, the writer holds that 
these fossils go rather to prove the continuous extension of the 
so-called Second sandstone than the existence of the Second 
Magnesian limestone. 

Tin Indent My of a First Samfotom Questionable. There are 
one or two facts which lead one to further question very seriously 
whether the exigence of a First sandstone has been established 
on facts strong enough to warrant the retention of the term. In 
the lepoii before referred to. Prof. G. C Broadhead has recog- 
nized the First sandstone in 0>age countv, in the following 
places. 1 ruder the head o\' F. u., Sacchaioidal sandstone, he 

1 Report (Uoiogical Survey of Missouri. 1^5" IS7i. p. .*'• 
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fore, thnt the localities recognised by Prof. Broadhead and the 
SobTSx. present writer belong to the same horixoo. If this be so time 
• can be no doubt but that, in the great central area of the Uplift 

there is practically but one sandstone, and that sandstone is the 
one which has, up to the preseut time, been called the Second 
sandstone. 

Nomenclature. One word more must be added. Even should 
we wish to retain the names of First, Second and Third sand* 
stone, there is yet an embarrassiug question to answer. The older 
geologists. acknowledge that these beds thicken and thin within 
wide limits. In Section No. 32, Plate III., there are thin beds 
of sandstone which are not given on account of their thinness. 
In that section alone, if we grant that there is a First sandstone, 
we have not three sandstones, but five, not counting the so-called 
Third sandstone which lies yet lower. In Section No. 8, on Big 
Piney, there are at least five sandstones, allowing for the First 
sandstone which has been swept away and for the Third sand- 
re not stone which lies below. In Section 23, on the Gasconade, allow- 
tones. ance must be made for at least six beds of sandstone. There 
seems to be, therefore, no valid reason for stopping at three 
sandstones, but if numerical distinctions are to rule, there should 
be no reason why the beds should not be denominated by num- 
bers from one to six at least. It will, at present, at least, be no 
valid objection to point out that many of these beds are thin. 
.All are not so, some are thirty feet thick, and are not to be dis- 
tinguished lithologically from what has been called First, Second, 
etc. Further, thin beds may thicken at other points. It is very 
evident, however, that such a proposition is a reduclio ad absur- 
dem, and, if introduced, would lead to endless confusion. It is 
firmly believed by the writer that the old terms First, Second, 
■irat, G ^ c *' as applied to the sandstones and limestones, should be set 
tone'sand aside «s no longer useful but, on the contrary, as serious obsta- 
fuJ 8 cles in the way of working out the stratigraphy of the Ozark 
oned ' Uplift. 

In view of the facts above pointed out it is suggested that the 
name Roubidoux sandstone be applied to the rock above described 
as overspreading the Ozark region from Cabool to Gasconde City 
and from Salem to Doniphan. This embraces much, if not all, 
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of what has been called Second sandstone, and will undoubtedly 

include the areas of so-called First sandstone as well. Further, 

it is proposed that the name Gasconade limestone be applied to 

the great series of limestone beds, interstratified with thin beds 

of sandstone, which underlie the Roubidoux sandstone. It is 

firmly believed that enough occurrences have been examined to 

at least include all of the great outcrops of sandstone properly 

lying within the Ozark Uplift in the Roubidoux sandstone, and, Areaembrace < 

if further work proves the correctness of the writer's belief that sandstone ar 

the heavy beds of sandstone at Pacific and Crystal City, hitherto stone. 

known as First sandstone, are but an extension of the Second 

sandstone, the term Roubidoux can be extended to these also. 

From the fossils found in the Roubidoux sandstone, as well as 

from the fact of the close relationship of the underlying limestone, 

the Gasconade limestone will be as easily identified as is the 

Roubidoux sandstone. These terms are offered, at least for 

provisional use, without wishing to cast the slightest imputation 

upon the work of Swallow, Shumard, Broadhead and others of 

the earlier geologists; for the present writer can only consider 

himself as carrying a little farther the work so ably inaugurated 

by these men and especially by Prof. Broadhead. 
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CHAPTER VI. 
THE SPECULAR ORE OF THE SANDSTONE REGION. 

nmODUCTlOV — SIXMOVB mouxtaik mixi-tbi cubby tallbt mikii-tdi com- 

POflTIOH OF THB •FBCUTJlB OUI OF THB tABDSTOVB BXQIOJT— THB OUODI OF 
THB ORBS~FBOflPBOTft FOB THB FUTUBB— >COHOLUflOMS. 

i 

INTRODUCTION. 

General Distribution. The district in which the specular 
ore9 in sandstone are found has been designated as the ** Cen- 
tral Region" by Dr. Adolph Schmidt in his report of 1872. 

There are eight counties, Franklin, Crawford, Maries, Phelps, 
Pulaski, Dent, Texas and Shannon, in which these ores have 
sne^ot been found most abundantly. Crawford, Dent and Phelps 
te ort ' counties, though, have yielded the principal amount of ore. The 
fact that, so far, the other counties named have produced but 
little ore does not necessarily mean that there is but little ore in 
them, but simply that circumstances have not been favorable for 
working and thus there has been lacking a stimulus for explora- 
tion . 

The district occupies the high position in the Ozark Uplift 
mice of the which has been described in the preceding chapter as the 

an region* 

plateau region. 1 Its topography is esseutially different from 
that of the country to the north and south. It is hilly, but the 
ravines which cut the surface of the ground are not so deep as 
those of the sections just referred to. As one leaves this region 
and approaches the caHon or gorge region the deposits of specular 

1 Daring my first visits to the Ozarks the term "plateau" suggested itself 
to me as being a peculiarly appropriate one as applied to certain counties south 
of the Missouri river. It was not till considerably later that I found that this 
term had already been applied to it by Prof. Broad head, and I take pleasure in 
referring it to him and acknowledging to him my indebtedness for this, as weU 
as other assistance gained through his reports. 
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i 

ore grow fewer in number and less valuable as commercial sources 
of irou ores, and the facts support the idea, later advanced, that 
steadily, as time goes on, these deposits are gradually being 
removed, to be redeposited on the lower slopes in the form of 
workable deposits of limonite. 

Here the Meramec, Current and Black rivers practically rise. 
The streams at this point are usually small and intermittent, but T !jf e ;i a i^Jyb 
there is no lack of rainfall in this belt, and one is, hence, driven to SriSna^e. 1111 
the conclusion that the greater part of the water finds its way to the » 
streams which feed these rivers through underground channels, to 
emerge in the form of springs. Numerous springs, some of 
them of great size, are abundant. 

Geological Horizon of the Ores. Geologically these iron ores 
are associated with rocks of the same formations as the limo- 
nites, but in different beds. The distinction, however, must be 
sharply borne in mind, that the conditions which produced the 
specular iron ores in the sandstones have long been extinct in 
this region; while, in whatever age the principal deposits of the 
limonites were formed, the causes which produced them then may 
be acting now. It is probable then that these two varieties of 
ore, seemingly so closely associated, may yet be widely separated Spocuinr ores 
as to time. Still further, it is probable that the specular ores jn the same 

* k logical taorlJ 

were from their nature deposited in a fixed geological period, 
while the limonites were either derived from the specular iron 
ores by hydration, by solution and by redeposition, or they 
were derived directly from the rocks with which they are now 
associated. The reasons for the above statements will appear 
later. 

It is a striking fact that the specular ores arc found almost 
exclusively with the Roubidoux or Second sandstone 1 (as it 
was called), of the Ozark series ; while equally, with few excep- 
tions, the limonites are found in connection with limestone. The 
low, broad-topped hills of this region are capped by this Sp0C1>lar orea 
Roubidoux sandstone, and it is upon these hills that the deposits JSSdstono b€ 
of specular ores are found. In the adjoining ravines it fre- re * lon - 
quently happens that streams have cut through this cap of sand- 

1 Second Annual Report of the Geological Survey of Missouri, 1S55, Part I, 
p. 125. 
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stone and the underlying Gasconade limestone is shown. 1 Here, 
occasionally, a bed of specular ore is thus cot through and the 
underlying limestone is partially covered with rounded boulders 
of specular ore, all the softer parts of the bed having been car- 
ried away. 

Character of the Ores and Associated Minerals. The general 
appearance of the specular ore in the sandstone is wholly differ- 
ent from that in the porphyry. While the porphyry ore is 
usually coarsely crystalline, the sandstone ore is fine grained and 
compact. Crystals of hematite are rare in both localities ; but, 
when crystals of hematite are found in the sandstone region, 
they are, to the naked eye, but shapeless scales. As to purity, 
the ores of the sandstone region are often highly siliceous, and 
in this respect they closely resemble the limonite*. There are 
large deposits of what would at first sight appear to be a fine 
ore. Careful inspection, however, shows the deposit to be a 
highly ferruginous sandstone. This, analysis shows, carries 
fifty per cent, of silica, the remainder being principally specular 
iron. There are large areas of this material in which are found 
only very little workable ore. To the unaided eye this sand- 
stone is very deceptive on account of its being very fresh and 
tough, anil, when broken, the clear grains of quartz sparkle like 
the crystalline faces of the pure ore. Sulphur is found quite 
abundantly iu a few mines ; but generally it is in very small 
quantities except at the bottom of the deposit. At the Anaconda 
mine, near Drv Branch, on the St. Louis and Sau Francisco 
Railway, large masses of sulphide of iron are found, having 
a beautiful feather structure. The outside of these blocks or 
boulders are covered with a thin skin of iimonite. The presence 
of the >ulphur does not seem to interfere with the value of the 
ore depos t. since it is so concentrated, when it occurs, that it 
can be readily cobbed out and thrown aside. At the Cherry 
Valley bank no Mi'phMe ot" iron wi< found until very nearly the 
bottom of the pre^n: !arge opening was reached. A single test 
p:t sunk in the 3o^r of the opea:ng apparently showed that the 

'■ Ti"_> r^-Li-i? >:r~:::ir>r 1* :yrl rally x<2 i!-:bj :i* Llae of li* Safes and 
Li::;* K.xi nlj-Mi. fr?— Cim :; M: i.tzi f.ni^t: ia-i aLso aLoaa: tbe 
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also been encountered in the drifts which hare been worked oat 
in the lower part of the mine. From this it would seem correct 
to infer that this layer of chert at one time extended across the 
L5y € in- space occupied now by the main ore body and had fallen to ito 
i^f 06 * present position through the etching away of the underlying lime- 
stone. From the fact that the ore, as specular hematite, fills 
the broken spaces, it is to be inferred that this falling in was 
either previous to the deposition of iron, or at least contempor* 
neous with it. This peculiar attitude of the broken chert is also 
found at the Cherry Valley bank, and, so far as can be seen, 
under similar conditions. Broken chert with specular iron filling 
interstices is also found at the Plank mine, Hawkins and Meramee 
banks. There is also much chert that is almost wholly amorphous 
and appears more like concretions. These are common to the 
limestones, sandstones and are also found in the mines or banks, 
both of specular and limonite ores. 

Relations of Sandstones and Ores. In regard to the relation of 
the sandstones of this region to the deposits of specular ore, 
there is one very striking and persistent fact. The sandstones 
in the immediate vicinity of the ore deposits are not horizontal, 
as is the general rule for them, but they are bent and broken, 
and they usually dip towards the mine or ore deposit. The de- 
posit at the Meramee bank seems to present an exception to this 

atones ru ' e ' * >ut ^ * s on '^ to **" s extent, that the greater part of the 
oken and sandstone appears to dip away from the deposit. Dr. Schmidt 
in referring to this fact, and to the shape of the ore bodies, 1 uses 
the following words: "These deposits of specular ore have 
generally a lenticular shape, with either circular or elliptical 
outlines. They are frequently found in an inclined position, 
in which case they usually dip with the slope of the hill. 
Sometimes the ore is cut off abruptly at the outskirts, 
by nearly vertical walls, consisting of nearly vertical layers 
of clay, chert and sandstone. In this case, these deposits 
appear like large, round, somewhat lenticular pockets in the 
sandstone, clad with layers of clay and chert, and tilled with 
specular ore, which is often more or less altered into soft red 

1 Report of the Geological Survey of Missouri, 1872, Part I, p. 125. 
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hematite. The thickness of these deposits is, on the aver- 
age, one-fifth to one-sixth of their average diameter. The ore 
is directly surrounded and underlaid by formerly continuous, but The ore i>odi< 

; J J ' arelentlcul 

now broken and disconnected, strata of gray or,[green chert or 
flint, sometimes mixed with a line siliceous, white clay, or with 
red loam. Below these chert layers we find alternating strata of 
chert, sandstone, and of chert breccia, cemented by sandstone, 
sometimes continuous, but mostly broken. Below these are the 
regular strata of the Second sandstone, running parallel with the 
above and forming a circular or elliptic depression, in which the 
ore body lies. At the outskirts of this depression, where the 
sandstone strata suddenly change their nearly horizontal position 
to curve downward and to run beneath the ore deposit, the upper 
strata are frequently broken off, and form an annular outcrop 
around the deposit." 

" All these various rocks surrounding and underlying the 
specular ore deposits, have in some cases theirj original and nat- 
ural color and appearance, while in other cases they are ferrugi- c€ntr 
nous, or colored and impregnated by iron ore, whereby the JJginous ly 
sandstone turns brown or black, and glittering with numerous 
tine ore crystals throughout its mass, while the chert is colored 
green or red, and the clay or loam is transformed into a reddish 
brown, sometimes pretty bard, ferruginous clay rock." 
* * * • * * * 

" The above description gives us the following two series of 
successive layers of rocks lying above, in, and under the specu- 
lar ore deposits in sandstone : 



Cherty detritus and 
Limonite. 



1. Sandy and cherty soil. 

2. Sandstone with solid chert layers, 

same impregnated with iron ore, sand- 
stone, loam and chert, broken y 
and mixed. Solid chert. Broken 
chert and clay. 

3. Soft Red Hematite. 

4. Hard Specular Ore. 

5. White clay or red loam, i Fen uginous clay rock. 



Section or ore 
deposit. 



Ik 



K 

■r- 



THE SPECULAR OltES OK THE SANDSTONE REGION. 



SIMMONS MOUNTAIN MINE. 

Among the iron ore deposits of this district the Simmons 
mountain bank is probably the one that is best known. This 
bank whs opened some time previous to 1872, and is working 
to-day. Thus it has a continuous history of over twenty years. 
1 The accompanying Fig. 42, 

feliows the mountain as it appeared 
!• before the opening of the mine. -iiin«nwm*m 

.,- Ihe figure and the description °pe nln g- 

I,- are taken from Dr. Schmidt's 

'(. . Report on the "Iron Ores of 

f_ Missouri" for 1872. Other fig- 

|£ tires show, the structure of the 

mine to-day after years of work- 
ing. Dr. Schmidt's description 
of the mine before it was opened 
™* will be interesting to compare 

phi. a. simmoDs Mountain in ww. with the appearance of the same 
'"»Jfw.' , "*"~»l" l "-' l »J'- °° 1>- 136 h « 

Limit of oilier rotkt. SiiyS: — 

S ttuttrop of landtloae. " _ ... , _ .... 

Description by Dr. Ado/p/i 
Schmidt. " Fig. 42 is a view of Simmons Mountain, which is 
a nearly isolated hill about ninety feet high above the platetui 
south of Salem, on which it is situated, and covering over thirty 
acres of ground." 

"The main body of the hilt seems to be composed of 
Second Sandstone, which is found in pieces on the surface, and 
has been uncovered by digging at the foot of the northwestern Dr «,. n-1M m, 
slope, close (o the road. The sandstone on the surface is ESfiSnir™ 
mixed with pieces of chert on the southern and southwestern 
sides near the base. Higher up it is mixed with specular sur- 
face ore, which extends over a very large district, increasing in 
frequency and size towards the summit." 

" Some of the surface ore on the slopes is altered into a fine 
and pure limonite (brown hematite) but most of it is specular. 
The latter occurs in boulders several feet in diameter. The 
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following topographical sketch (Fig. 42) will give a better idea 
of the surface geology.' 9 

" We here notice, in addition to the occurrences just described, 
an elliptic district about 400 feet wide and 500 feet long, enclos- 
ing the summit and being very thickly covered with surface ore. 

tipueaK P w ** This is the position and extent of the original deposit. As may 
be seen on the sketch, it is surrounded by outcrops of sandstone 
(S) which are especially distinct on the north and west sides, 
and are ferruginous in several places. On the east side some 
outcrops of sandstone are found lower down on the slope. The 
dip of the sandstone cannot now be distinctly recognized, but 
this rock will undoubtedly be found to form a large elliptic pocket 
filled with ore. * Inside of the upper sandstone outcrops, the sur- 
face boulders are of enormous size, evidently outcrops of an 
immense body of massive ore. Wherever the soil is removed 
between these boulders ore is found immediately below it." 

" Outside of this district, the surface ore although very large 
in places and very plentiful, must be considered as broken off 
from the main deposit and thrown or washed down the hill. 
This ore may have been at first imbedded in large masses of de- 
tritus of sandstone which was broken off simultaneously with the 
ore. Afterward this ore was concentrated on the surface by the 

Ich exposed. 8 ' ow but unavoidable and merciless action of rain water which 
mechanically destroyed and removed the light sandy materials 
surrounding and underlying the ore, while the ore itself, being 
too heavy to be carried off by such action, remained in place. 
The outside surface ore is, therefore, not indicative of the exist- 
ence of large bodies of ore below it." 

«' These views have been fully veriGed by a number of shafts 
which have lately been sunk on the Simmons Mountain, and 
which on our sketch are marked by the numbers 1 to 9. The 
shafts 5, 6, 7, 8 and 9, which are outside the elliptic district, 
disclosed 15 to 25 feet of loose sandy detritus, and finally struck 
the solid sandstone. Shafts 5 and 6 which are nearest to the 
deposit, meet with more clavish materials, and streaks and 
masses of white clay and chert, which are so frequently fouud 
in close proximit3 r to such deposits. The shafts 1, 2, 3 and 4 
although sunk quite near the limits of the deposit but inside of 
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them, went through 25 to 30 feet of solid specular ore without 
making the foot walls. I was lately informed that since my 
last visit, one of these shafts has struck the clay at a depth of a T « 8t P lt8 i ,rovc 

7 J  its shape. 

little less than 30 feet. This is not at all astonishing on account 
of the proximity of the shafts to the limits of the pocket. The 
fact that none of these shafts has reached the clay at a less 
depth, proves that the walls of the pocket are nearly vertical, and 
points to a great thickness of the ore in the central portion of 
the deposit. At the foot of the Simmons Mountain and to the 
north of it, a well has been sunk which is marked in Fig. 42. 
This well is over 60 feet deep. It passed through 8 to 10 feet 
of soil and loose sandy material; 6 to 7 feet of sandstone in 
broken layers ; 15 to 18 feet of red sandy loam ; 6 feet of chert, 
in thick, broken layers, 6 to 8 feet of red, sandy loan; 3 to 4 feet 
of chert in broken layers and 14 feet of chert mixed with 
clay." 

Present Conditions. The above description is quoted in full 
for it gives what is now impossible to get otherwise, a descrip- 
tion of this noted mine before it was opened. At present it is Present workings 

' L prove Dr. 

nearly exhausted and the notes made of the mine in the fall of Schmidt's as- 

■' sumption. 

1891 are given as well as the photographs taken at the same 
time. The elliptical shape of the ore body as marked out on 
the surface by Dr. Schmidt (see Fig. 42) was very well pre- 
served as the mine grew in depth until a depth of about 15 to 20 
feet was reached. Then from all sides of this opening the foot 
wall ran towards a common center, at an angle of a little over 
30". At present the lowest point of the mine is about two hun- 
dred feet below the original highest point of the hill. The gen- 
eral shape of the ore body is about that of an inverted elliptical 
cone ; the two axes being respectively five hundred and four 
hundred feet. 

What Dr. Schmidt recorded as probable, the working out of 
the ore body has shown to be true. Fig. 1 of Plate VI., opposite 
this page, shows the northern wall of the mine. This wall is 
vertical, as the plate shows, is about twenty feet high and is North wan of 
composed almost wholly of chertv oolitic sandstone. The sand- sand^ono. 
stone is not solid but looks more like a breccia with the inter- 
stices filled with specular ore. The whole mass is deeply stained 
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with iron. Going over the surface of this bluff, towards the 
north, the color of the sandstone changes to the ordinary light 
tone tar- color characteristic of the sandstones of this region. The ore 
r on three came sharply up against this wall and there stopped abruptly. 
This structure continued almost entirely across the northern end 
of the mine. Towards the east (the right-hand aide of the 
plate), the sandstone grows more shaly in structure and dips 
steeply towards the center of the mine. This continues growing 
more and more shaly, and has a steep dip towards the center, 
along the entire eastern wall of the pit. 

The southern wall, into which the sandstone has gradually 
passed, is almost wholly clay with irregular layers of chert con- 
taining numerous fine nodules of specular ore and occasional 
large ones weighing one hundred pounds or more. The ore is 
not abundant enough though to pay for washing, as is the case at 
another point. 

Continuing around in the same direction, to the right, the 

southwestern corner of the pit is still of the same clayey mate- 

,_ , rial. A large part of this wall, however, is so filled with no- 

)f the clay or » » 

itflne boui- <j u les of specular iron that it is being washed with profit. This 
part of the mine pit is shown in Plate V., in the dark part in the 
upper left hand corner of the plate. Under this spot, and to 
the right (in the plate), strata of shaly sandstone again begin 
to appear as .shown. This illustration also exhibits very plainly 
the sandstone layers clipping steeply towards the center. In the 
extreme upper right hand corner solid sandstone of the same 
nature appears as that shown in Fig. 1, Plate VI., at the north end 
of the mine. 

About two hundred feet to the north of this last mentioned 

*t rb (i P°i Q t, the track, used for tramming the ore to the railroad, cuts 

itonc ' tbe through the wall of sandstone. Plate VII. shows the position of 

these sandstone rocks, in the cut. This view is taken, lookiug 

north. In this plate a good idea of the disturbed condition of 

the sandstone is to be had. It will be observed that the rock 

is folded and that the axis of the fold dips towards the observer. 

North of this cut, towards the city of Salem and along the line 

of the branch railroad, these sandstones appear to be nearly 

horizontal in places. 
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The mine pit itself is, as was stated by Dr. Schmidt, about 
live hundred feet long and about four hundred feet wide meas- 
ured across the top of the opening. The mine is worked wholly 
underground at the present time and this much of the particular 
structure of the pit is obscured by the wash from the softer part 
of the walls. 

Immediately under the point shown in Plate VI. the slope 
extends down into the pit for about one hundred feet and 'then 
passes underground. Under this slope the ground is very nearly 
as is shown in Fig. 43. It is not 

solid but is made up wholly of "StjQ V ™l¥*7b?ecl*. 

masses of angular blocks of 
broken chert and some o5litic 
sandstone. The interstices of this 

breccia are filled entirely with Flo . 43. Incline at Simmons Mountain. 

specular ore. These blocks a^^unorthwaii of mine shown in piatevi. 

, 2 it slope down to mine, 
pear to be Wholly 01' partially 3 is part o/orebody now mined out. 

buried in clay of various colors. *™ bu*ks of brewed chert «,,</ w- 

J itone cemented with specular ore. 

Some of the clay is of a bright 

vermilion, other parts are of a dirty brick red color. Mingled 
with this is decomposed chert, almost pure white and often mis- 
taken for clay. This slope runs towards the south. 

Referring to Plate VII. it will be seen that the part of the rock 
which appears near the center of the plate slopes nearly directly sandstone appar 

* r it 1 ^ j ently goes under 

to the east. It could be easily imagined then that, at some the ore body, 
point, the ore body will be cut out by this rock and this is just 
what happens. From near the bottom of the present slope 
drifts extended east and west from the ore body meet this rock 
and find the ore entirely cut out. 1 * 

4 Comparing this description with the one which Dr. Schmidt 
has given in the paragraphs quoted from his report, it seems 
that, in a way, his estimate of the slope of the ore body was 
correct, although its magnitude did not come up to his expecta- 
tions. 

Principles Taught by thin Deposit. In the study of this par- 
ticular ore body there were many facts noted that may be of 

1 The sandstone probably lies on the limestone which forms the walls of the 
cavern in which the ore was deposited. 
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general importance as throwing light upon the origin of these 
ores as well as the structure of the deposits in general. As has 
already been indicated the shape of this ore body is nearly that 
of an elliptical, inverted cone. On all sides, at a short distance 
from the mine, and immediately at the mine on the western 
and northwestern sides, there is sandstone. At a short distance 
from the mine this sandstone is nearly or quite horizontal. In 
e r reH£nibieH the immediate vicinity of the mine these same sandstones are 
folded and suddenly dip towards a common center. The mine 
pit itself, as excavated, closely resembles the numerous sink 
holes which exist not only in this locality but which are met 
with throughout the wole extent of the Ozark Uplift. Not only 
are the sandstones broken in the vicinity but at the mine itself 
they seem actually to have disappeared. Chert, which appears 
rarely in the sandstones generally, is common in the sandstone 
blocks in the body of this mine. This sandstone is characteris- 
tically oolitic and this oolitic structure is persistent in the rocks 
which fringe the mine, but it grows less common as one goes 
from the mine. 

The appearance of the rocks in the mine body, their disturbed 
appearance on the borders of the mine, together with the shape 
of the ore body, seem to support most strongly the view dis- 
cussed more fully later, that this whole formation is underlain 
by limestone beds and that at this particular point the limestone 
ijacent bas been etched out, letting the superincumbent sandstone beds 
i juu.port |- ;i || j n j n i )ro k en fragments, that subsequent circulation of waters 

cut out much of this standstone and reduced much of the silica 
to the colloidal state, thus giving rise to the numerous chert nod- 
ules. 

The iron ore must have been formed after the falling in of 

the rock strata, for the broken pieces of chert are cemented 

, , , together bv iron, as are also the larger and smaller fragments of 

posited af- e " ^ ° 

crocks sandstone. This cementing must have been done contempora- 
neously with the general deposition of ore, since the iron in the 
interstices is as highly crystalline as is the blue ore in the main 
deposit. 

In regard to the origin of the chert, and its influence, in the ex- 
planation of the existence of the mountain, the writer differs in a 
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few points from Dr. Schmidt. Dr. Schmidt seems to believe 

that the chert in the sandstones was one of the agents active in Tuo mountain ex 

preserving the hill from denudation during the process of sweep- greater resist - 

. , of * ance to erosion. 

ing away the softer sandstones surrounding it. 1 He also regards 
this as being an undisturbed deposit. While there is little doubt 
but that the hard cherty sandstone and the ore body itself had to 
do with the preserving of the mountain, and in fact are the sole 
reasons for present prominence, there can be little or no doubt 
but that the ore body has been more or less disturbed since its 
deposition. The breaks in the blocks of ore which have been 
healed by crystals of hematite and veins of quartz, to say nothing 
of the larger cracks which break the whole ore deposit up into 
large blocks, all bear witness to the fuct of more or less disturb- 
ance. 

It is highly probable that this deposit started originally as a 
lime sink. To the east of Simmons mountain, and to the west as 
well, are drainage channels which lead directly into the Mera- 
mec river. Along those drainage channels are a series of 
iron deposits with similar external appearances. No one of 
these has amounted to anything save the Simmons mountain Th '« deposit 

J & originally a 

deposit, though one within the city limits of Salem yielded a »»»e-sink. 
large timount of ore and it is reported to be not exhausted but 
abandoned on account of some dispute as to ownership. These 
facts strongly suggest the idea that the drainage channel to the^ 
east has caused these sinks or caves and that some of them, as 
Simmons mountain, were subsequently filled with ore. 



THE CHERRY VALLEY MINES. 

• 

There are two other mines whose history it will be interest- 
ing to compare with the present condition of working. Reference 
is made to the two Cherry Valley banks designated as No. 1 and 
No. 2 by Dr. Schmidt. 

At the time of the publication of Dr. Schmidt's report neither 
of these banks had been worked, or in fact opened. A topo- 

1 This does not at all explain how the chert came to be in the sandstone near 
ore bodies. 
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graphical sketch of those bunks copied from Dr. .Schmidt's re- 
port is here reproduced (Fig. 44), us well as his description of 
tli.-m. 1 

I *■' .*>. "" Description by Adrjph 
1 — .  • >.V.i> SrhmitU in 1872. "The 

\ ' ,* ;>'-\/*. western or No. 1 bank will 

• r ' 4 , readily be recognized asa very 
.' \ _~ distinct and characteristic cx- 

j - - ■'.*! i.;. ample of a nearly undisturbed 

&$ * . •". "^\ deposit of specular ore in 

J v.t %■ sandstone. The lower part 

f of the hills of that region is 

- jf ... . . ~ Third Magnesiati Limestone. 

The upper part of Second 

n ii *„ a?, -niarart. Sandstone. On the summit 

ii ii. ,< v.„ii*,«i«wf. wfi ( l!;t . rve atl annular out- 

i.<p, M-ti-ral fi-it thick, of white and yellow Second Sandstone 
i.n iii:; in pail the appearance of a vitroua (|uartzite, aud dipping 
■•wild- i In* center, but so steep that the strata are in most 
■■.a»e- iieaili in :i vertical position. Inside of this outcrop of 
■^ot .vioied s.nn|sionc anil placed conformably to it, is an an- 
, >. .:.■!■ -p of sindstone coloreil or impregnated by oxides of 

• ■u .:. m1.ii  -.pace inside of tlie^e outcrops. 150 feet in dianit- 
. . , . .ii v\\ covered with ore, the numerous large boulder" 

...... i.; iMiu-ipdly of specular ore, while most of the smaller 

...» ,i dieivd partly into limonite, partly into soft red 

t u. l-ii- -pace marks the position of the regular deposit 

.„,■, ..( ^n.ideralde depth, filled with ore, will certainly 

. -v --.^ ice '■'} future mining operations. " 

**.* » » ;ap oi the sandstone oulcrop on the south side. 
...-. ■*■ -urt'ace ore is spread in considerable ipiaiitity 
._ ,. -.- .v. .'litM.te the outcrops, in a streak .iil to lit) feet 
. , v .. : 'iH> feel long. The iTeater part of this surfucr 
».,'- "' limonite. An extension of the underground 
__ > .ivtioii. cannot, however, he expected." 
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At present, the northern end of the mine, shown in the sketch, 
is being worked. As is there seen also, and as is the case with 
the mine at Simmons mountain, sandstone forma the greater part 
of the country rock of the mine and it abuts sharply against the 
ore. 1 (See 2 and 4 in the sketch.) 

A study of the rocks lying at some distance from the ore body 
reveals the following facts, which are strictly in accord with 
the theory to be discussed later in this report. 

The summits of the hills which surround the Cherry Valley 

bank on nearly every side are capped with sandstone lying 

horizontally. At the company's store this sandstone crops out 

idtng hiiiHgo abundantly that there can be no doubt of the truth of this 

d with J 

tone. statement. Passing down a steep descent from the store to the 
edge of the mine the barometer indicates a difference of level of 
one hundred and fifty feet. As was before stated, the border 
rock here is also sandstone. 

At the northern end of the mine, however, there are tolerably 
sure indications that the sandstone which crops out at the store 
has been succeeded by limestone at a point much above the sur- 
face level at the mine. At this northern end a deep trench is 
cut to carry away the surface water, thus preventing its running 
into the mine. In digging this trench it was necessary to tunnel 
*e trench through a projecting point. This tunnel passes through layers 
 limestone. f decomposed chert which are interstratified with layers of clay 
and grittv, clav slate. At the southern end of the mine the com- 
pany is stripping off the overlying dirt preparatory to removing 
another large breast of ore, a continuation of the main ore body. 
After removing a large mass of dirt consisting of unstratitied clav 
and chert with occasional boulders of specular ore, a tolerably 
continuous bed of sandstone was met with. Immediately under 

1 This .statement, unmodified, is liable to be misleading. It must be re- 
membered Unit the term " country rock " is confined to the rock which actually 
appears in contact with the ore at the surface border of the mine. From the 
careful study of the mine it is seen that drifts run in from either side of the 
open cut would show that the true country lock is limestone lying in undisturbed 
horizontal layers. The sandstone which appears dipping steeply towards the 
ore body is but the broken aud disturbed fragments of what was formerly a 
continuous bed overlying the limestone in which the ore body is situated. 
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the removal of the limestone reaches a point where the >aml- 
y \aiit-r .iuo stone can no longer sustain its weight and it falls in towards the 
cunroiin.i cave, leaving what wib before an underground stream now ex- 
posed to the open air. The broken fragments of sandstone 
which fall to the bottom are slowlv removed bv the water. Tht* 
sandstones lvinsr on either side, also more or less broken, have Ions: 
since been removed by surface erosion. Fig. 2 of Plate VI., oppo- 
site p. 125 and Plate VI 1 1., opposite this page, illustrate graphical- 
ly the history of this movement to the present condition. Plate 
Vlll. shows the position of the mine in a basin of a former drain- 
age channel. Plate VI. shows the sandstone, with its underlvin^ 
strata of the cheity, slaty clay dipping towards the m : ne. 
>een in the bankground. The adjoining Fig. 4*> illustrate 
diagrammatic illy the iclations of the various rock* expose- 1 . 
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« 

the fossiliferous chert of the Lower Carboniferous which are 
found scattered over the whole of the Ozark Uplift. 

Haying now described the main features of these deposits, we 
will next take up a discussion of the probable origin of the ores. 

THE ORIGIN OF THE SPECULAR ORES IK 8ANDSTONB. 

Concerning the origin and mode of accumulation of the ores, 
the following conclusions have been reached^ from oar studies 
in the region. 

First, that there were probably many hundreds of feet of 
alternating beds of limestone and sandstone above the present 
exposed beds. 

Second, that, with the inception of the Ozark Uplift, there 
began a system of denudation by means of surface and subter- 
ranean erosion. 

Third, that the underground erosion cut out great caves which 
undermined the sandstones and allowed them to fall in. 

Fourth, that the underground drainage wnys were occasionally 
choked, thus allowing the accumulation of iron or other matter. 

Fifth, that the falling of the insoluble sandstone roof, layers 
or beds of limestone above, with their layers of chert, would 
also gradually bend in and finally become broken. 

Sixth, that this breaking of the limestone allowed percolating 
waters charged with iron to pass through, thus gradually replac- 
ing the soluble rock with iron. 

Seventh, that the iron of these deposits was derived by per- 
colation from the overlying and adjacent rocks. 1 

Evidence of Past Erosion. As a proof of the first statement, 
it is a well known fact that, in sheltered places, there are deep 
beds of clay and loam regularly interstratified with each other 
and with beds of chert. These beds of clay, when pure, un- 
doubtedly represent a bed of aluminous limestone. Sandy beds 
represent less pure limestone. We are prevented from arriving 
at an estimate of the thickness of the overlying beds by the fact 

1 As bearing upon this question, for a full discussion of the peculiar topog- 
raphy of the Ozark Uplift and the causes which gave rise to it, see Chapter V, 
on the General Geology of the Ozark Uplift. 
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that a bed of pure limestone would leave absolutely no trace. There B«d*ot ciav rom- 
are layers of white substance which looks much like kaolin, and limestone beds. 
by many it has been mistaken for clay. As a matter of fact, 
these deposits are ouly decomposed chert. They are white be- 
cause the chert itself had little or no iron in it, originally, and 
because the chert has decomposed after the decomposition of the 
limestone, thus escaping being stained by the iron in that rock. 
There are white clays but the prevailing color is bright red to dark 
reddish brown. Even in the region where there is the greatest 
exposure of sandstone this is true, so the conclusion is inevitable 
that heavy beds of cherty limestone once existed above the pres- 
ent rocks. 1 

Evidence of Underground Erosion. In regard to the second 
fact one can find abundant proof. This undermining is con- 
stantly going on at the present time. Its action in the past is 
beautifully shown near Cook's Station on the Salem and Little 
Rock K. R. Three miles from this station on tbe Sligo branch 
R. R. is a deposit of coal. This bed of coal is eight feet thick &>«' pocket in 
from wall to wall, and it bends 
on itself at an angle of forty- 
five degrees. As is shown in 
the adjoining Fig. 47, shafts 
have been sunk in at two 
points. One shaft is eighty 
feet deep, the other forty feet, 

the foot and hanging wall, each 

, iii, Fla - *"■ Sketch showing plan near Cook's 

a loosely compacted clay shale, Station oq the Salem branch ot the St. L. ft 

dip at an angle of about ninety S- F ' Hr- 

degrees. The sandstones, between the outcrops of which this 
coal pocket lies, are nearly horizontal. The coal is crushed and 
" slickensided " thus showing that it has been greatly disturbed. 
Near Climax Springs, iu Camden county, is another coal pocket. 
In this case there is no coal, only soft clay abates with abun- Camden county, 
dant coal plants. These shales dip towards each other in a sharp 
" V," while on either side the magnesian limestones lie nearly 
horizontal. 

1 See evidence establishing this fact Id Chapter on General Geology, p. !I3. 
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Cuba. 



Another scries of striking facta are presented in the cuts on 
the railroad from Cuba to Midland Furnace. These are a sac- 
cession of low hills, each of which is flanked by sandstone dip- 
ping away from the crests, thus forming a series of apparent 
A %?Moiii of anticlinal and synclinal folds. That these are not the result of 

folding is proved by the fact that the crests of the apparent 
anticlines are without exception, made up of horizontal beds 
of limestone, and the inclined sandstones lie op the eroded edges. 
The cause of this structure is the etching away of the underlying 
limestones by former underground streams causing the overlying 
sandstone to break and fall in. 1 

These, and other such facts, abundantly prove that under- 
ground streams have played an important part in the topogra- 
phy of the country. They also warrant the third and fourth 
statements which were made, for, the underground waters 
would, thus, both remove the soluble limestone and allow the 
insoluble sandstones and slates above gradually to fall in. 
If the stream was of sufficient force the Tailing debris was re- 
moved by erosion, and the result was an open stream ; if not, 
the waters turned elsewhere or sunk deeper underground. 

Mode of th*e Accumulation. It is very evident if these 
underground streams became choked or impeded in any 
way l>y falling debris, the point at which the choking 
occurred would be favorable to the accumulation of iron 
or other matter which the water had in solution. Tho fal- 
ling in from above of another laver of either sandstone, or 
chert with the accompanying limestone, would inevitably be 
attended with more or less fracturing of overlying strata and, 
through these fractures, percolating waters would surely find 
their way. These waters, coming from the surface and charged 
with organic acids, would by leaching through the overlying 
strata, take out all of the iron and this iron would be, or at least 
might be, precipitated by sulphuretted hydrogen. Thus while the 
water along the .subterranean channels was dissolving the car- 
bonates of lime and magnesia, the iron from percolating waters 
would slowly take its place and often preserve tho minute struct- 



Organic acids aid 
In leaching 
rocks. 



1 It is fair to question as to whether or not the greater part of the streams 
now ruuing on the surface did not originally start in underground streams. 
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Tbo probable 
source*. 



Clays tinged 
with iron. 



cussion, merely stating that the limonites occur as stalactites, 
in many cases, showing that the course of the water was from 
above downwards ; and that the specular iron ores occur iu pre- 
cisely the same manner in cave-like depressions iu the 
limestones which have been etched from under the sandstones. 
In the second case if the iron had been precipitated from 
sea water it would have been found in beds of vary- 
ing thicknesses and of cotemporaneous origin. No beds exist 
and all the iron found is evidently secondary in origin as 
has been abundantly shown. The third and fourth propositions 
are practically the same, for whether the iron existed in beds 
in the Coal Measures, or was disseminated in the limestones and 
sandstones, there is no way to account for its accumulation in 
its present form except by leaching and by precipitation from 
percolating waters. 

The clay which results from the decomposition of the present 
magnesian limestones is uniformly tinged with iron, and in 
places, there are good size deposits of almost pure ocher. The 
sandstones which accompany these limestones, as they generally 
exist now, are remarkable for their freedom from iron and 
from other impurities, although there are places where they 
arc highly ferruginious. They are so friable usually as to 
be easily crushed iu the baud. Similar rock is mined in large 
quantities at Pacific and Crystal City, Mo., to be used in the 
manufacture of glass. What more natural than to assume that 
those sandstones were originally ferruginous, as they are in 
places now, and that the iron which formerly made them com- 
pact and strong has been gradually leached from them until they 
are now practically beds of pure sand. 

Evidences of Jletamorphism. The question as to why 
these particular ores are specular, while the ores of Southern 
Missouri are brown hematites, can be answered in the 
following manner. In this region the chert is almost universally 
oolitic as well as the accompanying sandstone. The sandstone 
in places has lost it> granular structure; has in fact almost 
wholly lo>t it> oolitic structure and appears almost cherty. 
This is markedly true in the vicinity of specular ore deposits. 
If, now, wo account for the chert in the limestone by assuming, 
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times iii largo lenses, sometimes as small crystals, infinite in 
number, scattered through clay and decomposed chert. At 
Cherry Valley this sulphide is known to be at least twenty feet 
deep, and at the old Scotia bank it is reported that this sulphide 
was found, by means of a drill, to a depth of one hundred feet. 
Arsenic, copper, antimony, zinc and lead are found in all of tbe 
specular ores in greater or less abundance, though still in very 
small amounts. In addition there is yet much sulphur though 
not in injurious quantities, in the ores themselves. 

Were it possible to conceive of the deposits of specular ore 

being bedded, and thus of contemporaneous origin with the 

rocks in which they occur, we would yet be confronted with the 

specular ore in difficulty of explaining the presence of a highly metamorphosed 

phoaed rock, bed of ore in a comparatively unmetamorphbsed rock, for the 

ore beds could hardly be conceived as being contemporaneously 
deposited as specular ore. But unfortunately we have to 
acknowledge that they are not bedded deposits. 

It will be borne in mind that the rocks of the Ozark Uplift are 
probably of Cambrian age. There is pretty strong evidence that 
Lower Carboniferous rock, to some extent at least, covered the 
Uplift. This, however, does not simplify tbe explanation of the 
highly crystalline state of the specular ores, for if they were 
buried deeply enough to cause their mctamorphism, the rocks 
which inclosed them ought also to be highly metamorphosed. 

Let us start with the hypothesis that they were originally de- 
posited as sulphides. We can easily imagine this to be true, for 
the rocks from which the iron was probably obtained were full of 
organic remains. These, in decomposing, would furnish enough 
sulphuretted hydrogen to cause the iron to be precipitated as sul- 
phide. The abundance of sulphur is amply testified to by the 
fact that barium, zinc, lead and iron are even now found united 
with sulphur in the form of sulphides and sulphates. The his- 
torv of a large deposit of sulphide of iron can be triced 

Iron precipitnttMl - r> » i 

asahuiphitr. ou t w jt|j n t i c > IliS t a strong probability of correctness. Sulphide 

of iron is a very unstable mineral generally, and, decomposing 
even with moderate rapiditv, a great amount of heat will of ne- 
cessity he generated. With a supply of oxygenated water, suffi- 
cient to oxidize the Milphur and iron, a degree of heat would be 
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developed sufficient to insure the solution of peroxide of iron and 
its precipitation in the crystalline form. The volume of circu- 
lating water must not, in a case of this kind, be great enough to 
dissipate the heat evolved bv the decomposing sulphides as rap- it« decomposition 

1 w . evolves neat. 

idly as it is evolved. This is the only serious difficulty in the 
way of this explanation. But, inclosed as the specular de- 
posits are by walls of poorly conducting sandstones and lime- 
stones, little or no heat, thus generated, would be lost by 
radiation. Compared with the difficulties which this theory of 
local metaruorphism obviates, the difficulty of explaining 
how the water supply was ample for oxidizing processes 
and not great enough to dissipate the heat generated, is sim- 
ple. Local metamorphism induced by decomposing pyrite is 
strictly in accord with the observed facts before pointed out. 
The sandstones in the immediate vicinity of the ore body pre- 
sent evidence of a change more intense than the great mass of 
the rocks. The induration of the sandstone; the formation of 
the oolitic chert, or rather the conversion of the large masses of 
sandstone into an imperfectly cherty mass with limpid grains 
surrounded by colloidal silica; the formation of large quartz 
crystals in the ore with fibrous minerals and crystals of hematite 
included, as well as liquid cavities, the change of silica into jasper 
and this into vitreous quartz, all these facts point strongly to local 
agencies rather than to a wide-spread and powerful action. 1 
Without attempting to dogmatize, the conclusion has been B t?on*oTorei 
reached by the writer that original deposition as sulphides, and hcat!° l088 ° f 
subsequent metamorphism induced by decomposition, satisfies 
the conditions of the problem of the specular ores of the sand- 
stone region better than does any other. It may further be 
pointed out, in support of the above hypothesis, that the iron 
ore body, at Cherry Valley, a breast seventy-five feet high and 
one hundred feet wide, is seen to be completely broken up into 
angular fragments of varying sizes. The appearance is very 

1 These are some of the facts noted bj Irving, Van Ilise, Winchell and others 
and adduced by them in support of their views in the formation of the jasper 
ores of the Lake Superior region, as evidencing the metamorphosing of the 
specular ores of that region, though there the agent was eruptive rocks, and the 
metamorphism regional. 
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much as if the original body of specular ore had been highly 
heated and that these checks and seams were the result of cool- 
ing. There are so many and such well known examples of high 
temperature being generated by decomposing sulphides that thU 
point will be assumed without discussion* If the fossils in the 
specular ores prove them to be of past Lower Carboniferous age 
the above conclusion is not necessarily affected. The fossils can 
have been replaced by iron in the form of a sulphide *nd after- 
wards, without change of form even if of volume, the iron can 
have parted with its sulphur and changed to the peroxide state. 
Limonite pseudomorph after pyrite shows that a change in com- 
position without change of form is possible. The only modifica- 
tion of the above conclusion, which the fossils may introduce, is 
as to the period of geological time in which the specular ores 
were deposited. 

s 

PR08PECTS FOR THE FUTURE. 

Aside from the very interesting geological problems which 
the study of the mines of specular ore in this region pro- 
pound, there is another and a very practical side to the 
problems. It is a fact, as before stated, that no uew mines 
are being opened in this region and the old ones seem 
to be well on the way to exhaustion. Moreover, there seems to 
be a general belief that there are no more extensive deposits in 
the whole of this really vast region. This belief appears to be 
founded chiefly on general impressions and on the failure of the 
mineral prospectors to discover other paying properties. The 
facts are simply that all deposits now being worked were originally 
exposed at the surface and that very many surface deposits on 
being explored failed to yield a large amount of ore. Sober 
thought will certainly lead to the conclusion that this is exactly 
what would naturally be expected; but the former overestimate 
of the resources of this section of the State in iron ores has 
reacted and has pushed opinion to the other extreme. One thing 
certainly seems to be lost sight of. In a region which has so 
many surface deposits of iron extending into the rocks beneath 
there is ample reason for supposing that there are other and 
equally extensive deposits which give no surface indication. 
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This statement should not he misunderstood nor misapplied, 
which may be very easily done, and if followed out without 
understanding every step in the process it will surely result dis- 
astrously. 

In this region in many places are found large nuggets of lead 
ore and zinc as well, imbedded in the clay which overlies the 
limestones. The ore is often abundant enough so that dijrffins 
for it in the loose clay yields profitable returns. When solid 
rock is reached shafts have been sunk, oftentimes many feet in 
depth, in order to strike the •* vein." Disappointment has gen- LeldtndllllC0Wt 
erally resulted and for the following reasons. The superincum- re£^?yj»i«£ 
bent clay which lies upon these limestones is often the residue 2£ie. Mlme " 
from the rotting away of many hundreds of feet of limestones 
that formerly overlaid the present beds. In these superincum- 
bent beds were cavities, more or less numerous, filled with galena 
or lead ore, which being almost wholly insoluble, was slowly 
concentrated in nearly one position, either in ravines at the foot • 
of hills or other favorable spots, with the rotting away of the 
limestone. In any case the miner who finds one of -these pockets, 
within a vertical distance of fifty feet or less, recovers nearly all 
of the ore which was held in hundreds of feet of limestone 
above, and from which directly profitable excavation would in 
many cases have been impossible. When the solid rock is 
reached below the same conditions obtain which were formerly 
extant above. Only occasional " pockets "of ore are found. 

In the iron region, especially in the limonite region, the same 
conditions under which lead and zinc accumulated, favored the ^^Sdin^he 611 " 
accumulation and subsequent concentrating of the iron ore in the 8amewa y- 
overlying clay. Under the original conditions when the iron 
was enclosed in cavities in the solid limestone the prospecting 
for iron ores, even when there were surface indications, would 
be of little avail, much less than in the case of lead, which i9 a 
more valuable metal. 

The study of the mines of the sandstone region give the fol- 
lowing general facts which apply to one mine as well as to 
another. 

1st. The mines occur in connection with sandstones without 
any important exception. 
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2d. These sandstones, in the immediate vicinity of the minei, 
Are, without exception, greatly disturbed and they usually dip 
towards a common center. 

3d. The dip towards a common center is also towards a 
sunken part of the field, or at least the center is usually lower 
■*"■■• than the general level. 1 / 

4th. In the center of the depression there ia an absence of 
bedded rocks and, usually, there is much clay, beneath which i§ 
the ore body which occurs in layers. 

5th. These mines are located at the head of, or at least in 
immediate connection with drainage areas, like the beds of 
brooks or of larger streams. 

As has been stated, these facts are very prominent at all the 
mines in the sandstone specular ore regions which have been suc- 
ret? 1 * 111 for cessfully operated. The deposits of iron ore which have not been 
worked, but simply make a surface showing, also have the same 
. general characteristics. The legitimate inference is then that all 
of these deposits have a common or at least a similar origin . This 
origin has been briefly outlined on page 138 and in the chapter 
on General Geology. 

Existence of Buried Deposits Probable. Carrying . out the 
ideas there outlined to their legitimate ends we find no objections 
to concluding that any one of these drainage systems and such 
points of possible seggregation of specular ores, could be wholly 
underground and thus that ore bodies could exist giving no sur- 
itswouidbe f ace indication of iron. Farther, the depression which would in- 

eu by wash. ' r 

variably be caused by the falling in of the sandstone layer, would 
tend to gradually fill with loose materials, such as clay, sand and 
loam. This filling would tend to still more cover any seggrega- 
tion of iron ore which had gone on. This filling in with loose 
material may even bo going on at the present day. 

Simmons mountain, unlike the majority of the specular ore 
deposits, stands out in relief above the surrounding country 
instead of below it. It has a conical shape and is about 
ninety feet high. It is practically isolated from other hills. It 

1 The surface of the mine at Cherry Valley is 157 feet below the store. The 
hills which surround it on nearly every side are at least this height above the 
mine also. The mine itself is about 100 feet deep. 



THE SPECULAR ORES OF THE SANDSTONE REGION. 149 

will occur to many that this is a prominent obstacle against the 
adoption of the conclusions expressed above. But it must be 
remembered that the Simmons mountain deposit occurs on a 
plateau. The reuson for its standing above the surrounding 
country is due to the fact that, after the deposit was formed, it 
acted as a barrier to eroding forces, and, while the softer rocks 
were etched away, this, being harder, remained. Its elevation 
above the surrounding country is not much over ninety feet. 

It will thus be seen that many deposits may thus be entirely 
placed beyond the observations of the ordinary prospector. It 
is just here that a knowledge of the geological structure of the 
iron deposits of this region, together with a correct theory of 
the origin of the iron ores, may be of the highest practical value 
in supplementing the knowledge of the miner and prospector. 
A region or a particular spot which shows absolutely no actual The value of geo- 
signs of iron, may yet have the common characteristics of a pay- prospecting. n 
ing ore bank. The bending of the sandstone toward a common 
center, the absence of rocks at this center, the accumulation of 
broken sandstone with broken chert in thick layers of clay or 
sandy loam, all point to a subterranean drainage area in the 
form of an underground stream or a sink hole. These, as 
experience has shown, point to a place where accumulation or 
segregation of iron ore has taken place. And these indications 
are favorable for search for hidden deposits. 

This suggestion is not purely speculative or theoretical. In 
the iron regions of New Jersey one of the most valuable and 
extensive deposits of magnetic iron which is now being worked Hidden deposits 

10 ° located else- 

showed no trace of its existence on the surface to the ordinary where. 

prospector. It was located chiefly by the knowledge of the geo- 
logical structure of the iron ore deposits in general, as revealed 
by their workings. It is true that the iron deposits of the region 
under consideration, are different in every respect from the mng- 
netic iron ore belt of New Jersey, but the force of the principle 
is equally apparent. 

The Causey Bank. Of more direct bearing is a fact which 
came to the notice of the Survey during the past summer. In 
township 34, N. R. 7 W., Sec. 35, on the property of Mr. A. C. 
Causey, there is a deposit of ore which was found under peculiar 
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circumstances. There were no traces of iron on the surface with 
the exception of a little lean sandy aud clayey limonite and 
broken chert and sandstone with iron stains. So far as any in- 
dications of an ore deposit are concerned, there are hundreds of 
»c aborted other locations whose surface indications are far more promising. 
Here four shafts have been sunk, the deepest of which is thirty 
feet. An oblong trench has been cut to the depth of from ten 
to eighteen feet. All of these openings showed increasing traces 
of iron as they were sunk, and all ended in as fine appearing 
specular ore as has been found in this region. The successive 
strata from the surface down to the bottom of the shafts and 
trenches showed exactly the same conditions as did the Lamons 
bank near West Plains, Mo., 1 and as many of the specular ore 
banks show in this vicinity. On the surface was much chert and 
sandstone imbedded in clay. Then quite irregularly stratified 
clay stained with iron. Then the clay grew more sandy, irreg- 
ular nodules of lean limonite appeared and then large masses. 
Finally came large boulder-like masses of specular ore com- 
pletely surrounded by limonite. The limonite had evidently 
been derived from the hematite by hydration. 

Unfortunately the shafts were all filled with water at thp time 
of the visit and no definite information could be gained other 
than that given above. No further work has been done and 
none is likely to be done for some time at least. The deposit is 
seven miles from the nearest railroad. Enough development 

not likely , . A . ... , 

urther work has not yet been done to warrant putting in a spur, and 
carting to the railroad is too expensive at the present price of ore. 
Mr. Causey does not feel able to do the necessary development 
work to test the extent of the ore body, and so the work stands 
as it is. It is to be hoped that further development will be done 
hero. The chief interest in this connection, lies in the fact that 
on the surface the deposit made no showing whatever. 

The geological features of this deposit differ in no essential 
characteristics from those of many others of this region. As 
shown by exploration, the body lies along the southern slope and 
near the bottom of a ravine or water course running to the west. 

1 See Chapter VII, of this Report. 
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head of ravines and on their sides, are scattering fragments of 
iron mingled with clay and broken chert, the surface indications 
are promising enough to warrant the sinking of test pits in the 
clayey soil. 

^Not every ravine or sink hole has a concealed mine, bnt the 
general experience has been that they will exist in such places if 
they exist at all. 

THE COMPOSITION OF TUB SPECULAR OBES OF THE 8AKD8TOKE 

REGION. 

The specular ores of thi? great Ozark region are neither so 
widely known nor so well thought of, as a rule v as are the spec- 
ular ores of the porphyry region. Yet chemical analyses show 
that the ores are remarkably high in metallic iron, very free 

specular from sulphur and, some of them, very low in phosphorus. 

»• Their open porous nature makes them very easily reduced in t 

blast furnace anil, in this respect, they are superior to the ores 
of Iron mountain and of Pilot Knob. On the other hand, their 
distance from markets, the uncertain extent of the ore bodies 
and the irregularities of their position to a great extent coun- 
teract their more desirable features. There are no ore deposits 
in this region which have the uniform percentage of phosphorus 
which characterizes the ores of Pilot Knob, though the better 
grades arc much lower in silica. 

Phosphorus Contents. There is a general impression that the 
ores, a* a rule, are very high in phosphorus, but this is decidedly 
not the case. Chemical analyses show that, as in the case of the 
limonite iron ores, to which special attention is called later in 
the notes on Lamon's bunk, some parts of the banks carry 
much more phosphorus than others. This, as ha* been pointed 
out at Iron mountain, is true to such an extent that while 
one part of the ore is so high in phosphorus as to make it 
undesirable, another part is so low as to make it readily 
available for Bes>emer pijj. Unlike the Iron mountain ores, 
however, it is the weathered ore* that are highest in 
tins element. It might occur to the reader, then, that a 
separation of these ore> could be undertaken with profit. 
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using the more phosphatic ores for mill and foundry iron, 
and the selected ores for Bessemer pig. The difficulty of 
carrying out this suggestion occurs at once, however, to one 
who has once visited any of these banks. The hard blue 
ores in this region occur in blocks of varying size and these are 
often completely surrounded by a thick coating of limonite, but 
generally with a soft red hematite. Further, in the solid blocks, 
seams and cavities, filled with the softer ores render this separa- 
tion mechanically impossible without great additional expense. 

Sulphur Contents. As has been pointed out in this chapter, 
sulphur occurs abundantly associated with these ores. Fortun- 
ately, however, this element is so seggregated as to present no 
difficulties in shipping an ore which analysis will show to be very Sulphur l8 8eg . 
low in sulphur. It occurs very infrequently in isolated bunches negated. 
in the ore mass, but is found in the bottoms or on the sides of 
the banks in considerable abundance. There are other impuri- 
ties which occur, but in such minute quantities as to do absolutely 
no harm and they have generally escaped notice. Copper, lead, 
zinc and arsenic have all been observed by the writer, principally 
in the form of sulphides. 

Of the four blast furnaces which have been erected in this 
region only two are now in operation, one at Midland and the 
other at Sligo. These furnances depend upon charcoal for fuel 
and use the local magnesian limestone as a flux. They produce 
beautiful gray pig iron which commands a high price. Charcoal 
is used exclusively as a fuel. 

Dent County Ores. The following partial analyses of spec- 
ular ores from Dent county are taken from Vol. XV. of the 

Tenth U. S. Census Reports: — 

1 2 

Per cent. Per cent. 

Metallic iron 63.77 67.02 

Phosphorus 0.061 0.025 

Phosphorus ratio 0.096 0.037 

3 4 

Per cent. Per cent. 

Metallic iron 63.90 64.05 

Sulphur 0.020 0.179 

Phosphorus 0.029 0.063 

Phosphorus ratio 0.045 0.098 

Samples 1 and 2 were taken from the old Nova Scotia bank. No. 1 is red on 
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exposed faces, grayish bine on fractured faces and soma what porous. No. 2 b 
a dense specular ore from the same bank. 

Nos. 8 and 4 are from the old riverside bank. No. 8 Is hard specular ore. 
No. 4 Is a soft hematite. 

The following analyses of Simmous mountain ore thow the 
nature of the ores mined in the earlier days of the bank : l — 

6 6 

Per cent. Per cent 

Silica v ... 4.1* 

Peroxide of iron 95.24 

Alumina 0.11 

Lime 0.88 

Magnesia . 0.15 

Sulphur 0.00 

Phosphoric acid 0.058 

Metallic iron 66.06 61.97 

Phosphorus 0.088 0.089 

On the outskirts of Salem are two openings in the same ore 
body, they are known as the Milsap and Orchard bauks. Analy- 
ses of soft and hard ore from samples representing several hund- 
red tons gave: — 

7 8 

Per cent. Per cent. 

Metallic iron 57 96 60.89 

Phosphorus 0.067 0.040 

Phosphorus ratio 0.116 0.066 

It U hardly necessary to add that No. 7 represents a pile of earthy red and 
blue hematite mixed ; while No 6 represents hard blue ore. 

Samples taken from the Sligo bank gave the following analy- 
ses: — 

9 10 

Per cent. Per cent. 

Metallic iron 65.92 65.08 

Phosphorus 0.040 0.026 

Phosphorus ratio 0.061 0.040 

No i» is mixed hard and soft ore. No. 10 Is a greasy variety of hematite 
known as paint ores. 

The following analysis of ore from the Hawkins bank were 

J From the Report Missouri Geological Survey 1872. 
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kindly furnished by Mr. C. W. Kalbe, chemist of the Midland 
Blast Furnace Company : — 

12 3 

Moisture 9.021 4.G59 10.28 

Silica 8.28 17.51 8.40 

Alumina • • • • 2.58 3 96 3.84 

Iron (metallic) as received 52.86 4«J.03 51.35 

Iron (metallic) dried 212° 68.10 61.41 57.24 

Phosphorus 0.087 0.110 0.123 

Phosphorus ratio 0.164 0.224 0.214 

Lime 0.87 0.80 0.55 

Magnesia 0.457 0.72 0.038 

Sulphur 0.123 0.079 0.038 

Manganese 0.099 

No. 1 is flr»t class ore. No. 2 is second class. No. 3 is a soft purplish ore, 
very porous. • 

Phelps County Ores. The two following analyses of iron 
ores from the Hawkins bank and Meramec bank respectively 
give : — 

11 12 

Per cent. Per cent. 

Metallic iron 56.19 63.28 

Phosphorus 0.040 0.050 

Phosphorus ratio 0.071 0.079 

No. 9 is from the Hawkins bank. No. 10 Is from the Meramec bank. 

Crawford County Ores. At the time of the taking of the 
Tenth U. S. Census, Cherry Valley bank No. 2 had not been ex- 
tensively worked. Since that date this bank has been more fully 
exploited and has proved to be one of the most extensive deposits 
in this region. Three partial and one complete analysis of the 
ore from No. 1 bank are here quoted : — 

13 14 15 

Per cent. Per cent. Per cent. 

Metallic iron 57.18 65.87 5S.«88 

Phosphorus 0.082 0.022 0.085 

Phosphorus ratio 0.143 0.033 0.145 

No. 11 was taken from the stock pile of the Missouri Furnace Company of St. 
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Louis; No. 19 specular ore alone; No. IS la a sample of the sofl hematite ott. 

A complete analysis of No. 14 fires: — 

No. 14 

Continued. 

FereenL 

Metallic Iron 65.87 

Phosphorus • COM 

Sulphur 0.159 

811lca 8.06 

Iron protoxide 0.88 

Iron peroxide 98.01 

Alumina 1.87 

Lime 0.88 

Magnesia 0.07 

Iron dlsulphlde 0.865 

Carbonic acid 0.084 

8ulphuric acid 0.06 

Phosphorlo acid 0.061 

Carbon In carbonaceous matter 0.08 

Hygroscopic water 0.14 

* Water of composition 0.98 

Total 100.066 

An Analysis of mixed hard and soft, hematite from the Scotia 
bank is here given. Below the workable deposit of ore a bed of 
pyrite 13 feet thick was found: — 

16 17 

Per cent. Per cent. 

Metallic iron 68.10 61 .42 

Phosphorus 0.063 0.056 

Phosphorus ratio... 0.091 0.115 

Analysis No. 17 is from the McGarry bank near Lea^burg. 

Fr-.mkHn County (>iy#. From Franklin county samples were 

taken from the Stanton and from the St. Clair banks. The 

unaU ^es £i\e: — 

IS l* 50 21 

IV r cf u: Percent. Percent. Percent. 

Mcu"":c ::o:« J* >: JT.S* t«.40 5&.S6 

rio^-\>r> ■:.■:> ■: o:i o.o» o.oa? 

l , -ov..>n:;. >.» :ii4 O.05»3 0.099 

N ^ > a :  %■..- ;r»:v. :.»* >:ij::o^ ^au*. >\?*. l r aad 21 are from the St. 

A :: \ ".: '' %, .v> trv™. ;'.*.■. >: \'\ w ''> of the Missouri Fur- 
v..-c v, V o: S. I.o.; > r\rrv-c- : :^ o.\- :"r • :■ tie Cherry Vallev, 
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McGarry, St. Clair, Handcock, Horse Hollow, Stinson, Stanton, 
Pomeroy and Lamb banks give the following results: — 

22 

Per cent. 

Metallic iron 56.43 

Phosphorus •• 0.005 

Phosphorus ratio 0.115 

The above analysis is by far the most valuable one, as it repre- 
sents an actual mixture as used in the furnace. It will be seen 
that the stock could not be used for Bessemer pig and that the 
working ore is rather lower than the samples picked from the G tuany work! 
stock piles at the various mines. As an actual working ore 
to-day the writer has been told by furnace masters that at Sligo 
and Midland furnaces an ore far leaner than the above (as low 
as 45 per cent, metallic iron) is quite often charged in the 
furnaces. These lower grade ores, it will be remembered 
though, are smelted on the ground, while the St. Louis furnaces 
had to take ore shipped for 100 miles or more. The analyses 
given above go far to uphold, or ralher to supplement the 
statements made in this chapter as to the value of the specular 
ores of the sandstone region. From ageological stand-point the 
future of this region is hopeful, while the chemical analyses 
show that the ores themselves are very desirable. 
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CHAPTER VII. 

THE LIMONITE ORES. 

TIIK OZAHK DlhTKICT — THK OSAQB DISTRICT — THE MISSISSIPPI DISTRICT — LIM 051TZ* 
IN OI'TLYINO DISTRICTS — THK FORMATION OF LIMONITE8 — THK VALUE OF THI 
MlHSOl'ltl LIMONITKS — CONCLUSIONS. 

Limonite is found in greater or less abundande in nearly every 
township covered by the members of the Ozark group. It is by 
mtoftfon- no means confined to these rocks, but occurs in rocks of younger 
locftiiiiox formations. It is however on the Cambrian formations that the 
most numerous and most extensive deposits rest. In this for- 
mation there is further a decided choice of position, and this 
choice appears to be governed by the drainage areas into which 
the Ozark Uplift is divided as will be shown later on. For con- 
venience in reference, this region will be divided into the fol- 
lowing districts: — 

!. The O/ark district, on the southeastern slope of the 
Ozark*. Southeast of a line drawn from township 33 X., 3 E. 
to township -t X. % % Ji» W. 

II. The 0>age di>tiict, lying in the valley of the Osajje river 
an 1 u< tributaries. 

III. riie Mi^i><ipp: district between the Mississippi and 
Black : ; vov> avd MT.:th of t»»wn^hip 33 N. 

0.::^:c!e of t..c>o ::iiin vii>:r\-:s will be found numerous 

t .. :t ':: :c, b;;: ::' s e\ ::rt > lated and to a certain ex- 

c:* : c-:. >.:.., fo. cx:i*r.: '.■: . are tile deposits occurring 

I. •:• :.i\\ W.;>;::-:':: cvuv:v.a: l\?S*:o. Jefferson eountv. 

: V ^. . Fl-.-.-.-.n! * ^ , :::*.:\. .iv. : . .i :V-v others ou the Gas- 

So :".. a> : :■; ■■.•■•«. - : :~e 'ii^orrtes cf these 
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excavates numerous gorge-like valleys, between which rise, in the 
course of time, long ridges or divides, which are winding, sharp 
m bii n if to dcr cre »ted and narrow at the base. On either mide of a stream 4hey 
ltf rise up steeply, except that where a stream impinges sharply 

against one bank, thus making a steep rocky bluff, the side 
opposite the bluff will be low, clayey or loamy, with no rocks in 
sight. 

In addition to the main divides, such as exist between the St. 
Francis and Black rivers, between the Black and Current riven 
and also between the forks of the White river of Arkansas and of 
Missouri, there are minor divides between the branches of these 
streams. These minor divides present in general the features of 
the great central axis and of the divides of the large rivers. 

The large divides are what give to the traveler in the Ozark 
Uplift the impression of mountains. Following the winding 
roads either in some broad valley, like that at West Plains, or in 
a narrower valley which is more like a gorge, the steep slopes 
shut him in on every side. He imagines that by climbing to the 
summit of the adjoining ridge a broad prospect will be opened 
up. Having climbed to the summit of one of these hills he finds 
'o»!xk0. 8Of himself on a narrow ridge or crest line. Lying directly below 
him on cither hand arc the streams which have cut the deep 
gorges. The horizon in every direction shows no loftier 
peaks or ridges, but everywhere, m> far as the eye 
can roach, are wooded ridges or "Bald Knobs" of 
nearly uniform elevation. So strong is this resemblance to 
mountains to the traveler in the valley that he will try many 
times and experience many disappointments before he can 
accustom himself to the fact that these ridges and so-called 
mountains do not rise above the level of the surrounding country, 
but simply that, in the broad reach of ages, these streams have 
cut below the common level, leaving here and there ridges to 

.s of «lon n- . 

"«. mark where their former level was. Such, in brief, is the 

topography of the limonite regions of Missouri. 1 

Locution* Favorable for Limonite Deposits. Along the 
foots of these great divides, and near to the river bottoms, 

1 For further description, see chapter on General Geology. 
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covers them, thus exposing what is judged to be the entire 
mu» occur deposit of ore. Yet, even in such oases it is not safe to affirm 
*' that the ore body is very limited for an apparently small pocket 
may expand to a great and unexpected extent. The only probable 
exception to this rule is when the deposits are almost certainly of 
limited extent from their rery nature. This is when the limonite 
occur* filling the joints of the limestone which have been 
enlarged by circulating waters. Here the limonite occurs, grow- 
ing from the opposite faces of the cleft towards thecenter and in 
some cases quite filling it. If the cleft is not entirely filled, the 
inner faces are usually composed of pyrite or maroasite crystals 
completely changed to limonite. The inference is that the whole 
mass was originally a sulphide of iron. These clefts are rarely 
more than two feet from wall to wall. Occasionally from the 
bank* of brooks such casta of limestone clefts will jut oat from 
layers of clay and chert, they representing all that is left of the 
former limestone. Instances of these deposits will be found near 
Logans creek, Reynolds county ; in township 81 N., 4 W. t sections 
13, 23 and £4, Shannon county, and on the farm of Judge J. B. 
Old near Thomasville, Oregon county. 

0>r* Imbrdiled in Clays. There in one other clasp of deposits 
of limonite which are found imbedded in clay with no rocks 
\Tou!" ap|H>ariiig in the immediate vicinity. As has been mentioned 
before these do|>o§its occur near the foot of the divides or near 
river bottoms. If they occur on high ground this high ground 
tonus a kind of plateau and is characterized by lime-sinks. The 
cla\ enclosing the limonite is of course only the residuary prod- 
uct of the original limestoue. 

Ctitvtr /»\iv Mint\ Cedar Bav mine, near Piedmont* Warne 

count \\ is a deposit of this kiud. It has been worked to some 

extent ami its structure is thus more or less plain. As the bank 

..*. . no* is, arter about six vears of idleness, it is about fortr feet 

«Kv .:■•■ trvnu t i> surface to the bottom of the ore deposit. Twenty feet 

of the ton > s:i '.ppiii::. consisting of alternate lavers of clar and 

chers. Vl.c v *..iv ; > >a:^:v and vieerlv >:aiaed with the oxides of 

• > * • 

:;o:*. U:^ *-i:er: > :* ofce:: :u:^ a::£\:!ar fragments of various sise 

a u vi : > a! : ;: * s >: w ; ; "„■■ ..■« ■.; : *■ \ . ^ r : : o u - •" *. . : :o . The seueni 
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chert, and the masses are not too lean to be used. At this bank 
no outcrops of rock are in sight. At the foot of the hill, in 
> b£ 1 un " the ravine, at the head of which this bank occurs and about one 
hundred and fifty feet lower, limestone in nearly horizontal layers 
crops out. On this hill no sandstone is insight, but on the crests 
of the hills (between this bank and Piedmont, horizontal layers 
of sandstone are frequent. 

Mi. Nebo in Oregon County. On "Mt. Neho" in Oregon 
county, township 23 N., 3 W., section 8, are two occurrences of 
ore which are typical of the two kinds of deposits of which 
mention has been made. " Mt. Nebo " is a small conical hill as 




ter of Mt. 



1 



Fio. 49. Sketch Motion al Mi Nebo, ebowftag dtetrtbmtton of 

fragments of ore over the surface. « 

At 1 and 2 are shafts 10 ft. deep. 

is represented in the above figure, standing about one hundred 
and fifty feet above the level of the surrounding bottoms. About 
half way up the slope of the hill begins a surface deposit of iron 
ore. This deposit covers a belt about one hundred feet wide and 
reaches nearly around the hill. The deposit is made up of 
fragments of limonite of various sizes, but no pipe ore is noted. 
There is an almost equal amount of angular chert and some of 
this ore encloses chert. At the summit of this hill a shaft about 
sixteen feet iu depth has been sunk. The first six feet consist 
of layers of broken chert and sandy clay ; the remaining ten feet 
are iu limestone, locally known as cotton rock, and the shaft 
stopped in limestone. This shaft shows very clearly that the 
core of the hill, not to sav the entire hodv y is of solid limestone. 
At the toot of the hill is the level bottom of a small stream. 
Near this point, another shaft about thirty feet in depth has 
been sunk. This shaft was full of water at the time the locality 
was visited. The bottom is reported to rest on limestone: the 
overlving thirtv feet consisted, first, of stratified clav and chert 
for about ten feet, and the remaining twenty feet of clav and 
chert in which were inbedded lenses and geodes of limonite. 
This deposit together with others of this nature often met with. 
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Id tbo foreground, near the fence, there are no indications of 
iron ; in the field, back of this, for one thousand feet there 
are very fair showings of iron. The width of this belt varies 
from three to five hundred feet. At the end of this one thou- 



flU. si. A topographic sketch map or I -anions Iron nine. 

» uo surface digging*. 

S 8 are shafts. 

The llgurea denote depth at the illflerent points. 

sand foot lino the hill slopes down to smother, but narrower 
valley. To the right this hill, which is really but a spur, joins 
"a much larger hill or divide. The surface of this hill differs in 
no material respect from that at hundreds of other deposits 
which are found in the limonite region. There are no surface 
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Hums' bank, near Alton, Oregon county (township 24 N., 4 
W., Sec. 34), shows beautiful specimens of stalactite ore. The 
surface of the ground for nearly an acre is thickly strewn with 
" pipes " of li mo mtc. Solid masses when broken in two, 
show that they are geodea with the inside filled with pipes, as U 
illustrated in Fig. 56. There is very little rook on the anrfaee 
of the ground at this point and chert 
is only slightly mixed with the on. 
There have been several test pits no 
more than fire or ten feet in depth, 
dug at this place, and all show an 
no.*. Atti.eutaiaxi.ofii...>. abundance of pipe ore in a red clay. 
«•■ Other Localities in the Ozark Da- 

trict. There are pipe ores to bo found on the Current River rail- 
way near Spur Five, west of McDonald, on the St. Francis river 
uimetitir. near Chaonia; on the St. Louis, Cape Girardeau and Fort 
"' Smith railway at Indian Ford, and also on the Iron Mountain 

road in Wayne county, near Piedmont and Mill Springs and also 
near Williamsville. Several of these localities in the vicinity of 
Piedmont and Mill Spring have been worked slightly and have 
yielded excellent ores of their class. All work has ceased here 
now, however. 

THE OSAOE DISTRICT. 

General Distribution and Character of the Ores. The limon- 
ites of the Osage district appear to differ very essentially in one 
respect from the ores of the Ozark district. Nearly all of the lat- 
ter ores ure stiihictitie. The limonites of the Ozark belt may yet 
prove to be stulactitic to a greater extent than is apparent where 
openings have been made ; but at present the Osage limonites 
iimonitcj' lirc r i coer an <' purer on account of their form, for it is very 
«"»**"■■ evident that a stalactite ore would be higher grade than ores 
lulling to the bottom of u cave reservoir and mixed with dirt 
washed in or falling from the roof of a cave. 

The ores of this district are confined principally to Franklin, 
Osage, Morgan, Benton, Miller, Camden, Hickory and St. Clair 
counties. The deposits of the lower Osage near the Missouri 
are comparatively of little account. At the extreme upper part 
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of the Osage in Missouri, id the prairie counties, the same is 

true. The main iron bearing district of this 6eld is then, the Location i of Osage 

° ' deposits. 

Middle Osage region. Towards the southeast the liraonites ap- 
pear to be more closely connected with the specular hematites, 
while towards Henry county, and in the south of Benton county 
the red hematites occur with the limonites. 

To show the excellence of these ores, the following analyses 
are copied from the report of the "Geological Survey of Mis- 
souri, 1872, Part I, p. 43. These analyses were made from 
large samples sent in by owners of banks and from samples col- 
lected by Dr. Schmidt or under his direction. They can safely 
be assumed to be fairly representative of the ores of this 
region. 
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Sulphur. 0.171 0.147 0.015 
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acid.. 0.861 0.076 0.091 0.084 0.077 .... 

Silica... 3.08 8.05 5.13 3.59 .... 

Metallic 

iron.. 58.81 54.19 57.41 .... 58.87 57.89 55.11 55.87 55.67 57.59 

Phospho- 
rus... 0.376 0.034 0.041 0.037 0.034 0.058 0.081 0.061 0.071 0.074 

1. Brown and red hematite, Marmaduke bank. 

2. Limonite, Sheldon bank. 

3. Llmonite, White bank. 

4. Limonite (pipe ore), Elm Hollow bank. 

5. Limonite (pipe ore), Indian creek bank. 

6. 7, 8, 9 and 10 are all from Camden county. 

From the abovfc analyses it will be seen that numbers 2, 3, 4, 
5 and 6 are not available for the manufacture of Bessemer „ , 

., , .. .. A . . ,, Value of these 

pig; though they as well as the others would be available for the ore8 - 
manufacture of a high grade of either merchant or foundry 
iron. 

Deficient Transportation Facilities. The same conditions 
which have prevented the development of the iron ores of the 
Ozark district are present in the Osage district also. There are 

12 
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even fewer railroad facilities. A narrow gauge road runt fro* 
of trantport- Sedalia to Warsaw. This road, howerer, goes up to the iraa 
belt without in reality entering it and it will with difficulty he 
available for transportation. It runs at right angles to the dis- 
trict and not parallel to it. A standard gauge road connect! 
Tipton with Versailles, in Morgan county. But this road is efso 
less available than the one from Warsaw to Sedalia. The natural 

• 

outlet is by the 0*age and Missouri rivers. Bat these stretmi 
are so fluctuating, that they also are practically unavailable for 
steady traffic unless they be improved. 1 

THE MISSISSIPPI RIVER DISTRICT. 

General Distribution of Ores. The or$a of the Mississippi 
river district are, us stated by Dr. Schmidt, largely stalaclitic, tt 
least the ore of the bodies which have been mined. The locali- 
ties where iron has been mined are Irondale, De Soto, Marble 
Hill and Cornwall. In addition there are other isolated localities 
where mines have been operated more or less. The Cedar Bay mine, 
it the mis- near Piedmont, and several mines near Mill Spring have yielded 
tppt utnct 8 t a i ac tite ore. These mines, however, have shown very little 
chert ore, such as found in Stoddard county. The iron ores near 
Puxico, Leora and Casterville appear to be quite different from 
the above, both on recount of the chert which they carry 
mingled with the ore, and from the fact that stalactitic structure 
is not common. 

Ores near Puxico. As has already been mentioned, at Puxico 
and Leora there are great ridges or banks of limonite in which 
are imbedded numerous angular fragments of chert; there is also 
much alumina and fine sand. In several localities near Puxico 

[o ment P' ts ^ avo * )een ^ u £ aiK ' trenches have been cut across the bank?. 

* Puxico. ^i| f th ese diggings have shown the same condition of things: 
i. e , an abundance of cherty limonite. Fig. 57 shows the large 
blocks of chert v ore exposed on the surface here. No stalactites 

1 Io Chapter X of Part II, io the latter part of this volume, descriptions of the 
various ore deposits of the Osage district are given. These are largely extracted 
from Dr. Schmidts report, because few or do developments hare been made 
since that time, and nothing more can be seen. — A. W. 
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Mr. Mourn'* 
i1oaorl|»uoiia. 



in Hiliru to he available. The results seem to indicate that under 
favorable circumstances even these most unpromising chert ore 
will make iron profitably. 

Ih'tcriptitma by P. N~. Moore. In the Report of the Geological 
Survey of Missouri Field Work, 1873, 1874, p. 638. Mr. P. X. 
Mooro <rivcs a somewhat extended notice of iron ores in this sec- 
tion. Some of the deposits which he notes were worked about 
this time ( 1873-1874), and (he data which he there gives is very 
instructive. A series of analvses of iron ores collected bv him 
boar out the conclusions drawn from the above analyses: — 



i 
Water M 4;t 

Insoluble matter 7.4tf 
IVroxMe 
o( Iron 7l*.57 



2 3 4 5 6 7 

S.M 10.38 8 99 10 97 6.72 8.50 



S.57 9 » 



33.97 14.72 15.29 17.19 42.25 16.46 25.97 25.SS 



74.71 64.16 63 25 
0.016 0.003 trice 



acut 0.325 

MvUl'.to lror...j%V70 
sW|2«»l.* I !*.\V*j»horu* v 141 



53.37 74.37 74.87 70.43 50.01 
Sulphur 0.017 tract? none 0.037 none trace 

rho>i»lioric 

0.14;* none 0.154 0.130 0.096 0.1*4 0.153 0.14? 
37.oS 32.CS 52.41 49.30 35.01 52.30 44.93 44.27 

0.-.V2 none C.C67 0.057 0.042 0.071 0.066 0.064 
Xo. 1 is from the N:fcv£ sank. wwo*h'p 31 X. * E, #ec. i. 

No 2 iilrm E:nu:a r*ack. ;owc*h:p 30 X. 9 E. «c. 16. 

No .* M>er> :, A=k. :owi!*i : ? £_* X ? E. «c. 32. 

V' * :v ■.: >Lv ?i"t. :■. ■*-*-■? tf X. -J E. **c. 2. 

\ .* :-  S .  .» r.i .<.:■•"* t >■*. . ; * X. » E. m*:. 2-= . 

N.-    Si.v'S .:N ■..::-*>::iSS.  E. s«. 1? 
\ .» " N .* -■ "■**n:>* . i"* X- ■? JE. s*i«r. I? 

V * > ... m » ". '*:>: , i" y  i. "*ec. I?. 
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Dearly twenty years and only the following data could be ob- 
served . 

There are two circular excavations from which a good deal 
of lean cherty ore has been taken. A shaft was sunk to the shaft and tunnel 

j i • j» excaYated. 

depth of thirty feet and a tunnel was driven from near the foot 
of the hill to meet it as is represented in the cross-section, Fig. 58. 




Fig. 58. 8ectlon through Hendrickson mine. 

The tunnel, which was reported to be one hundred feet in length, 
ran through colored clays, loose chert and small seams or streaks of 
cherty ore. The tunnel did not strike any considerable deposit of 
ore. The shaft, although badly fallen in, yet showed that the 
material lying on the hill was stratified, probably the residuary 
#lays and chert and sand of the original limestone. As nearly 
as could be observed a vertical section would show as follows : — 

1st. The surface of the hill is covered with a cherty lime- 
stone. 

2nd. Beneath the surface are boulders of cherty limonite, with 
interstitial highly colored clay. 8e d^ck n .2n H bank. 

3rd. Chert in layers in a stratiform red clay. 

4th. Fair limonite mixed with chert and clay, not connected. 

5lh. Cherty iron ore. 

This ends the direct knowledge of the shaft, as the remainder 
had fallen in. Enough was seen, however, to show that this 

 

particular deposit differed from the Lamons bank, near West 

Plains, in that the percentage of metallic iron is very much No b ed.ied rocka 

lower, the silica much higher, and that the deposit is not as tobe8een - 

extensive. There are no bedded rocks to be seen on the surface 

of the hill, which is covered with cherty soil and irregular blocks 

of sandstone of small size. In the bed of a small brook at the 

south end of this hill bedded limestone shows, so it is probable 

that the above deposit at Hendrickson is on limestone as usual 

(see Fig. 58). 

This deposit is marked on Schmidt's map ( Preliminary Map 
showing the Distribution of the Iron Ores of iMissouri, 1873) 
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as a " drifted " deposit of specular -iron ore. The work tbt 
has been done there shows that it certainly is not drifted. 
As to its being specular ore, Mr. P. N. Moore, 1 writes m 
follows: "Much of it" (the ore of this bank) "is red tad 
gives a red streak aud in its luster and fracture appears lb 
specular ore, but that it is not so is proved by the fact of it* 
containing combined water. It is this pre which has given to 
Maiaatiira ^ ^ank the name of a specular brer deposit, and it was recorded 
as such in the Geological Report for 1872. Specimens of thb 
ore showing stalactites aud botryoidal forms, are often found 
adhering and passing insensibly into brown ooherous limouite. 
These stalactites show every appearance of specular ore, but oi 
analyses by Mr. Chauvenet they were found to contain 9.39 per 
cent, of water, thus proving the ore to be very nearly a due 
limonite. Much of this ore which appears red will give a brown 
streak upon porcelain, showing at once, and without further 
examination, that it is limonite." 

It seems a little strange if Dr. Schmidt put this deposit down 
as specular iron unless some specular ore was actually found, for 
there is hardly a limonite deposit in which many of the above 
recorded phenomena may not be observed, and Dr. Schmidt is 
generally very careful in distinguishing between red hematite 
and specular iron ore. 

However this may be, the mineral " having the appearance of 

specular ore, only containing water " is more than likely turgite. 

Dana's description of turgite is: " Color reddish black to dark 

red, bright red when earthy; botryoidal surface often lustrous, 

like much limonite; streak red. Opaque." According to 

Dana, the water in this mineral reaches only 5*64 per cent. 

\\j derived This mineral, says Dana, is a very common ore of iron, often 

specular ta k en f or limonite, with which it is frequently associated, and 

which it resembles, except in its superior hardness, streak and 

decrepitation. It also looks very much like fibrous limouite. 

The analyses that Mr. Moore quotes show this mineral (at the 

Black river mine) to contain 9.38 per cent, of water, and he 

therefore concludes that the mineral is limonite. It is entirely 

1 " Report of the Geological Survey of Missouri," 1873 and 1874, p. 660. 



182 IRON ORES OF MISSOURI. 

developed grade into the blue ore of this region. Strictly spesk- 
^tftto ing they should not be classed as limonite ore deposits, but 
should be treated under the head of specular iron ores. The 
same may be said of the deposits of limonite found in Gallaway 
and Henry counties in connection with the bedded deposits sf 
red hematite. There are, however, in the carboniferous for- 
mations whieh siirround the Ozark uplift, many deposits of 
limonite which ought to be mentioned, though none hare jet 
been found extensive or rich enough to work. 

Near Fray** Mitt, seven miles from Huntsville, Randolph 
county, is one of the deposits referred to. This is located on the 
East Fork of the Chariton river ( see Fig. 59). The rooks around 
belong to the Coal Measures, as is abundantly proved by fossil 
coal plants in the rocks and associated coal beds. Sections from 
te spring sbaf to and from cuts along roads show, first, a porous sandstone 
highly colored with iron ; second, clay shales imperfectly hard- 
ened, and, third, a bed of impure limestone. It will be seen 
that the conditions are thus favorable for the formation of small 
deposits of bog iron ore. The ferruginous sandstones lying above, 
freely allow water carrying organic matter to percolate through 
them, while the shales and limestones, impervious to water, bold 
the water in the form of springs or bogs, until the iron, held in 
solution, is re-oxidized and precipitated in the form of bog iron 
ore. 



i. 




» i ' i ' i ' i ' i ' »' r i i i 



Fig. 59. Section at Fray's Mill. 

1 is Bog Ore on limestone. 

2 is Alluvium. 

3 Is the creek. 



The cut, Fig. 59, showd this to be true in the particular locality 

of Fray's mill. As indicated here, the river has abroad bottom 

of alluvium of unknown depth. Above the bottom and in the 

e and middle of the public road, the iron ore crops out as shown. The 

no lm 

)iy under outcropping of both shale and limestone under the deposit shows 
it to be of limited extent virtually. A gulley, cut through the 
adjoining fields by a stream, and a well dug to the depth of 
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sight this locality looks very promising, but an examination of 
the ore shows it to be f ull-of sand. There are only a few pise* 
wwiittgton. free from silica. Several holes have been dag five to ten feet in 
depth 9 but no change for the better was found. In many locali- 
ties around this place are exposures of a highly ferruginoss 
sandstone. These are so highly colored as to have the appear- 
ance of iron ore, and there are, no doubt, many places where the 
metallic iron is in excess of the silica. But it most be borne ia 
mind that these are more after the nature of segregations than 
regular bedded deposits, and it is thus extremely doubtful if any 
extensive deposits will be fouqd. 

In Dade County, township 30 N., 25 W. 9 section 35, is a 
peculiar deposit on the farm of Mr. G. A. Compton. This de- 
posit is peculiar since it has much fibrous limonite or turgite, 
and the ores also occur in large shells or bombs. It closely 
resembles the Salisbury, Conn., ore. The surface of the field in 
which it occurs is strewn with half-buried fragments. In the bed 
of a brook near the field were exposed many boulders of excel- 
lent ore which had been washed from the banks. In the road, 
where it crossed the bank, were piled a large number of boul- 
ders, also of iron, which had been picked from the field. 

There are here occasional outcrops of a dark red sandstone 
impregnated with iron. There were no outcrops near the field 
in which the iron occurred, neither did the shafts which were 
sunk in this field penetrate the sandstone, so the relations 
between the clays and iron ore cannot be made out at present. 
Twelve years ago a shaft fifty-three feet deep was dug here to 
determine the amount of ore. The result appears to have been 
laco^im- unfavorable since nothing has been done since. The hole has 
*••• so fallen in that the only data to be gained was from the debris 

around the mouth of the shaft. This consisted of red clay, 
chert anil large fragments of very pure iron ore. A test pit 
recently dug fifteen feot in depth showed that chert occurred 
here in layers in a red clay and that the iron ore lay in irregular 
nodules in the clay and partially in the chert. The chert is 
fossiliferous and there are also fossils in the more porous iron 
ore. The fossils found were crinoid stems. This deposit is 
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unique in that its ore is principally fibrous with occasionally 
highly polished surfaces: it resembles the limonites of the Ozark 
region in that it occurs in a stratified clay with broken chert. 
The ore is free from chert in the mass, and is free from sand, 
while the Ozark limonites are cherty and often sandy. This ore 
has a clean dark brown color; while the others are dull and 
earthy. These ores are found in rocks of Lower Carboniferous 
age while the others are confined to the Ozark series. 

General Conclusions. Whether any extensive ore deposits 
will be found in this geological horizon or not it is hard to say. 
In many respects as has been pointed out, the conditions are 
similar to those of the Ozark district, both the Ozark limonites 
and these being associated wit,h the decomposition of limestone. 0ut , ylnf depo«it» 
But in the Ozark region the deposits of iron ore are uncovered no * promising, 
by streams or the soil has been washed from them by rains. 
In this region there are streams and there are hills. Yet neither 
in the bed of the streams nor on the slopes of hills are there 
exposures of iron comparing in size and number with those of the 
iron ore belts of the Ozark. There is but one conclusion to be 
drawn and that is that the deposits of iron here are not so 
abundant. If there are any extensive deposits they will have 
to be reached by exploration underground, for they give few 
favorable signs on the surface. 

THE FORMATION OF LIMONITES. 

< 

We have now described, with some fullness, the character and 
conditions* of occurrence of the limonites of the State. A dis- 
cussion of the mode of formation of these ores, based upon these 
observed facts, will hence be in place here. 

In order to understand the relationship between the peculiar 
topography of the Ozark mountains and the limonites so abun- 
dantly found in them, it may be well to briefly review the P ro b- ReUUonofor6ito 
able sources of limonite and the manner in which it is collected topography, 
in large deposits. In the etymology of the word " limonite " 
there is a very compact explanation of its origin, and we have 
but to expand the ideas contained in order lo have the relation- 
ship above referred to clearly outlined. 



1*6 



IRON ORE8 OF MISSOURI. 



(tauUeon 
urate. 



t origin of 
mite*. 



The Secondary Growth of Limonite*. Limonites *re always 
BitMaerer of secondary origin. By this is meant that they never occur at 
original constituents of either primitive or eruptive rocks as do 
magnetites, hematites, and, in fact, many other anhydrous 
minerals. They may form directly or indirectly in the following 
ways : 

The process of limonite formation by what may be called the 
direct way is very simple. Limonite may be derived directly 
from magnetite or from hematite. Let as imagine a rock 
impregnated with grains or crystals of either magnetite or hema- 
tite. Both of these minerals are anhydrous oxides of iron, and 
they are what are known to chemists as unstable compounds. 
If these minerals be exposed to the action of even pare water, 
either as a liquid or as vapor from the air, there is a tendency 
for them to unite with a certain amount of water chemically and 
to form an entirely different mineral. Thifr mineral is limonite 
or hydrous oxide of iron. In this process of hydration there is 
an entire loss of the original physical characteristics. The cherry 
red of the hematite and the dense black of the magnetite is 
changed for the earthy brown of the limouite. The mineral 
increases in bulk and loses in specific gravity. All this may 
take place without altering the original shape of the grains or 
crystals of either the hematite or magnetite. This process may 
be called hydration and is apt to affect the rock containing the 
iron as well as the iron itself. Expanding this idea, it will be 
readily seen that, if the hematite or magnetite exists in large 
deposits in the original rocks, these large deposits may pass 
directly, by hydration, into beds of limonite occupying exactly 
the same position as before. 

As an illustration of this, it may be stated that in New Jersey 
and in Pennsylvania, and in other regions where bods of hema- 
tite and magnetite occur below the line of glacial action, mining 
operations are oftentimes begun on outcrops of limonite and, as 
the mines become deeper, the ore gradually changes to hematite 
or to magnetite of the case may be. It is also noticed, in the 
specular ore regions of Missouri, both in the porphyry and sand- 
stone regions, that the outcropping ore is limonite, and, even at 
considerable depths, the blocks of specular ore are coated with 
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limonite. If the deposits are small they may be wholly changed 

to this mineral. By this direct method, then, it is evident that 

a deposit of iron, either magnetite or hematite originally, may c ^JS c JJ^S«e r 

have changed its physical characteristics without altering its 

position. By the indirect method this is impossible. 

Magnetite, hematite, and limonite are wholly insoluble in 
pure water. Iron in the protoxide state is, however, read- 
ily soluble. All that is necessary, therefore, to make any 
oxide of iron soluble is to reduce it to the protoxide form. 
Organic matter is one of the most powerful of reducing agents. 
Organic matter, largely composed of carbon, coming in contact 
with the above named minerals, takes their oxygen from them, 
reducing them to the protoxide state, thus making them readily 
soluble in water containing a little carbon dioxide. In this form 
the iron may be carried wherever the water goes and the water 
only gives up its iron as the latter becomes re-oxidized, when it 
is at once precipitated. This reoxidation may occur in a number 
of ways. If the water, carrying iron in solution, percolates i ron in solution 
through rocks and drips from the roofs of caverns it becomes carr€ ywm r ' 
thoroughly aerated. The oyxgon of the air at once attacks the 
irou and changes it to the insoluble form, leaving the iron hang- 
ing from the roofs of caves in the form of stalactites or falling 
to the floor builds up stalagmites. This process may continue 
until the entire cave is filled with " pipes " of iron ore in the 
form of limonite. 

Growth of Large Deposits. Instead of this, or in connection 
with it, let us imagine a moderately large stream entering a cave. 
The upper surface of the water is exposed to the air. The iron, 
as before, becomes oxidized, but in this case being heavier than ore deposited in 

' CAvitles 

the water it sftiks to the bottom. 1 If the supply be sufficient, 
the cave will be filled with the precipitated limonite and thus a 
" pocket" or deposit of iron will be formed. The water which 

1 In the summary of the final report of the Geological Survey of Pennsyl- 
vania, 1892, p. 425, Prof. J. P. Lesley, in a chapter on " Caverns and Sink Holes 
in II,*' describes, in a very clear and concise manner, phenomena which I have 
attempted to point out in the Ozarks. In the same chapter he gives numerous 
examples of the rapidity with which limonite accumulates in caves and in 
artificial openings. 
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carries the iron in solution will be very likely also to cany in, 
imonitM are mechanically, much clay and fine sand which will, in the quiet 
mpore ' water, settle, together with the precipitated iron, thus forming 
the lenses of clay and sand so often found in the iron banks. 
Further, the limestone forming the roof of the cave may con- 
tain layers of chert. This, as the limestone is etched away, 
will eventually fall and thus give rise to the layers of chert in 
the iron ore. It may further be imagined that the cave it*e)f 
may have more than one floor owing to layers of impure, and 
thus less readily soluble limestone. These layers or floors may 
in time be entirely enclosed in the precipitated iron, thus adding 
very essentially to the amount of foreign matter in the ore. 
This process may continue until the entire limestone bed above 
the cave is etched away leaving the cave partly or wholly filled 
with iron, covered with a mantle of residuary clay and chert. 

Process of Concentration. Let us see what this process thus 
briefly outlined may result in. under the most favorable circum- 
stances. In all bedded rocks, sandstones especially, there is 
more or less of iron present, either as a cementing, material in 
ferruginous sandstones, and, in limestones, in the form of sul- 
phide and also as limonite. This iron is so slight in quality and 
lation and so evenly disseminated as to be utterly worthless as an ore of 
iron. On the surface of these rocks, covered with soil, there 
will be vegetation more or less dense. This surface vegetation 
decavs. Water falling in the form of rain or snow carries it 
into the underlying rock and brings it into contact with the con- 
tained iron. Little by little, under the reducing action of water 
charged with organic matter, the hard ferruginous sandstone 
looses its cementing iron by solution and becomes more and 
more friable, until all but the last traces of the iron cement 
disappears. 

In a country whose broken and faulted rocks are thrown up 
in the form of hills and mountains, these iron bearing waters 
may find their way over the surface in the form of surface 
brooks and streams. But, in a limestone country, with low 
of broken dipping rock* elevated over a large area, the case is very differ- 
ent. The underlying limestone would be slowly but surely at- 
tacked. The rainfall would find its way through joints in the 
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A cavern started in the beginning would slowly enlarge and would 
be wholly or partially filled with limonite either in the form of 
pipes or in solid layers or both. Whether the flow of ferrugin- 
ous waters ceased with the removal of the limestone or not, the 
end would be an iron deposit imbedded in stratified clays and 
chert. To review briefly the points in this indirect process we 
have the following steps : — 

First the iron, in whatever form it may have been at first, 
becomes hydruted. 

Second. By organic matter it is rendered soluble. 
opflMntof Third. This soluble iron id carried to some lower level. 

limonite banks. 

Fourth. It is re-oxidized and precipitated. 

It becomes very evident then, that, when this process first 
begins, deposits will form high up in the drainage area, but, as 
the underground waters cut deeper and deeper into the lime- 
stones, deposition will gradually cease at these higher levels to 
be carried on lower down. As a consequence one can imagine 
that, high up on steep rocky hills may be exposed deposits of 
iron shut in by limestone rocks. Lower down, when deposition 
has taken place, the deposits may be wholly or partly covered 
by clay which has been left from the solution of the limestone; 
and, in addition, that which has been washed from the hills 
above. Thus a very unpromising outcrop located on low clayey 
hills may develop into large and valuable deposits. 

The above explanation is well borne out by facts. Along the 
crests of the great divides between streams like the Current and 
Black rivers there are numerous localities where large blocks of 
remarkably pure limonite are found. These blocks are often 
casts of small cavities in the limestone and were, formerly, 
Pacubearoat many of them, sulphide of iron. Mingled with these fragments 

abore theories. J l n ° 

of iron ore are blocks of weathered limestone, and the main 
body of this limestone is weathered into ridges which stick up 
through the shallow soil. Many of these places have been dug 
into, but solid limestone has invariably been struck at a few feet. 
Localities, on the other hand, which have been prospected at the 
foot of easily sloping hills with no outcropping rocks have 
turned out differently. The Lamons hank at West Plains, Mo., 
is a striking case in point. Mount Nebo, near Alton, in Oregon 
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seem to testify to the change from a former carbonate. The 
sulphates, being readily stable, would probably change to a car- 
bonate at once on contact with either calcium or magnesium 
carbonates, and are hence not found. 

Migration of Iron Deposit*. Finally, the effect of topog- 
raphy, not on iron alone but on all mineral deposits, is to cause 
such deposits to be continually moving from a higher to a lower 
?^hrongh ln " drainage level. In a great plateau region, which we may coo- 
nStet. eider the head of mineral -streams as well as of the drainage 

waters, we must look constantly for a movement from above 
downward, and the rapidity of the movement will be dependent 
upon the area and amount of water. No more would we 
look for large bodies in the narrow gorges and rocky hills of the 
flanks of the Ozarks than we would look for lakes and ponds and 
quiet streams. Here all is motion and activity. But when easier 
slopes have been reached, when narrow gorges have widened 
out into rich river bottoms, and the contours of rugged and 
rocky hills have been softened into easy slopes, here are quiet 
waters and here is where deposition and accumulation begins on 
a large scale. In view of the facts thus set forth it seems to be 
not at all a hazardous prediction to say that in the great drain- 
age systems of the Ozark Uplift will be found the key to the 
great mineral deposits, not of iron alone, but of lead and zinc of 
Southern Missouri. 

TIIK VALUK OF THE MISSOURI LIMON1TES. 

In calling to mind the facts recorded in regard to the Missouri 
limonites there are two which stand out very prominently. 
First, that the Osage river district has been known for more than 
twenty years and that one attempt has been made to work the 
ores of this district by means of a local furnace and this one has 
failed. Second, that the limonite field of the southeastern part 
(ironwork* of the State has been worked, that a good many thousand tons 

BO 

of oie have been shipped, but that all of this was nearly twenty 
years ago, and to-day absolutely nothing is being done in spite 
of the fact that hundreds of untouched deposits are easily acces- 
sible by rail. 

The question naturally arises, if these iron ores arc of value, as 
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The average of the silica and insoluble constituents in these 
ores is 22.00 per cent, while the yield of metallic iron is only 
42.44 per cent, as against the 47 per cent, of the Missouri ores. 

Quoting the introduction to the analyses of the brown ores 
from the above mentioned work (p. 48): "The number of 
brown hematites ores examined from Lehigh county, Pennsyl- 
vania, is thirty-eight. The percentage of iron found varies 
from 28.10 to 58.50 per cent. The mean average per cent. 46.09. 
The amount of sulphur present is invariably very small ; the aver- 
age per cent, being only 0.025. The per cent, of phosphorus 
varies from 3.135 to 0.025. The mean average per cent, of the 
thirty-eight samples examined is 0.344. The insoluble residue 
gives, as the average, 17.16 per cent." 

It is not quite fair to the Missouri limonites to compare them 
with the thirty-eight analyses from Pennsylvania, but even doing 
this the result is that the siliceous Missouri ores yield one per 
cent, more of iron than do the others, although they are higher 
in insoluble matter by five per cent. This, however, is from the 
acknowledged most siliceous ores. The high grade of limonite 
already mentioned as being taken from the Lamon's bank near 
West Plains, is really more nearly typical of the main bulk of 
the Missouri limonites. This bank has been so thoroughly 
sampled that no hesitation is felt in taking this as a true standard 
by which to judge of these deposits. Analyses of this ore kindly 
furnished by the company are as follows: — 

1 2 3 4 5 

Water 10.97 11.07 11.25 11.87 10.08 

Silica 7.G3 6.02 2.70 4.11 3.08 

Iron 56.96 56.40 59.90 57.94 59.36 

Sulphur 0.05 0.049 0.037 0.068 0.72 

Phosphorus 0.104 0.115 0.087 0.118 0.57 

For further purposes of comparison we will now quote the 
average yield of metallic iron per ton of ore from other iron 
producing States. For this purpose the report of the Eleventh 
Census of the United States will be freely drawn upon. In the 
"Census Bulletin No. 113, Mines and Mining, Iron Ores," Mr. 
John Birkinbine, M. E., collects the following data: — 

The returns from the blast furnaces of Alabama, the leading 
iron producing State in the Union, represent 90 per cent, of its 



196 IKON ORE8 OF MI88OURI. 

The blast furnaces of New Jersey depend chiefly upon local 
magnetite mines, but draw some of their charges from the Lake 
Superior region. Some ore is brought from New York and a 
very small amount from Pennsylvania. These ores, mixed with 
some foreign ores, bring the yield up to 51.9 per cent. Even 
when New Jersey ships her magnetite ores, many of which are 
shipped, they go to furnaces in the Lehigh valley and other 
places in Pennsylvania, none of them more than a hundred miles 
from the mines, though some of the mines yield ores which are 
shipped on a guarantee of 65 per cent. 

The New York ores are about one-half magnetite, the balance 
red hematite with some brown hematite and carbonate. The 
average furnace yield is 47.6 per cent. 

Ohio obtains the bulk of her ores from the .Lake Superior 
region and from local carbonates; magnetite from New York and 
red hematite from Missouri are also used. The result of the 
mixture of low grade home carbonate ores and imported high 
grade ores -from neighboring Stales is an ore which yields 
55.7 per cent, of iron. 

Oregon uses a brown hematite exclusively and gains only 32 
per cent, of iron. 

Pennsylvania is by far the most interesting State. It stands 
next to Alabama. But while Alabama uses almost wholly local 
ores, eighty-five per cent, of what Pennsylvania uses are im- 
ported ores. A labama's furnaces* yield is 46 per cent. ; while the 
average for Pennsylvania is nearly ten per cent, greater, being 
55.3 per cent. Some brown hematites are shipped from Virginia, 
but by far the greater part of the brown hematite used comes from 

1886, with the exception of a few thousand tons mined in Howell county. 
But this brown hematite was used as lead flux and not as an iron ore. In the 
specular ore mines Simmons mountain, Plank mine, Hawkins mine and Cherry 
Valley, and especially from Simmons mountain, there is however, a consider- 
able percentage of brown hematite which has been derived from the specular 
iron ore by weathering. At Simmons Mountain this is sorted out and shipped 
as limonite or brown hematite. Brown hematite is especially likely to occur 
when opening a new bed of specular ore, along seams or in the extension of 
old mines. It also occurs surrounding blocks or masses of solid specular ore. 
These facts will probably account for the statement as to the admixture of 
brown hematite in the Missouri ores. F. L. N. 
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ores, if used at nil, must be used at producing points. A third 
fact also stands out very promiuently: i. e.,tbat a State remote 
from an iron center, but which consumes a considerable amount 
of iron, finds it profitable to work a very low grade ore. Ohio, 
Pennsylvania and Illinois are three great iron -producing States. 
Illinois mines no ore, but brings very rich ores from the outside; 
Pennsylvania and Ohio each mine less ores than they consume, 
m yields an d the ores which they produce are lean. The ores which they 
****** buy outside are high grade. Alabama, Texas, Tennessee and 
other States where lean ores are abundant, smelt them on the 
spot where they arc mined. The pig iron is either locally con- 
sumed or shipped to central markets. A ton of pig iron which 
is made from a sixty per cent, ore, or one which is made from a 
thirty per cent, ore, is equally valuable, and can be shipped side 
by side for an equal distance and can compete on equal terms. 
But the case is entirely different when we consider ores. A 
sixty per cent, ore pays freight on only forty per cent, of 
impurities, whereas a thirty percent, ore pays freight on seventy 
per cent., nearly twice as much. The higher grade ore can thus 
drive the other out of the market. If we regard as demonstrated 
the fact that lean ores can not be shipped to great distances, the 
question arises, — What are the conditions which make this local 
smelting of lean ores possible? 

(Conditions Necessary for the Successful Manufacture of 
Iron. Perhaps the best possible answer to a question of this 
nature is 'to point out the conditions favorable to iron smelt- 
ing, without which success is not attainable. These conditions 
briefly summed up are as follows : — 

1. An abundance of cheaply accessible ore. 

2. An abundance of fuel close at hand. 

3. Water. 

f conditions. 

4. Pure limestone. 

5. Competing transportation lines. 
(5. Markets. 

The Quantity of Ore Available. — As to the abundance of 
iron ores, this question has been amply discussed under the 
general headings of the iron ore districts into which Missouri has 
been divided. The map accompanying this report shows the 
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side by rocks of the Ozark series, which surely limit their extent 
a«id» in to a very small area. There may even be found pockets con- 
taining coal similar to the one on Sligo brook in Crawford 
county, and also near Versailles, in Morgan county, and which 
contain many hundreds of tons of fairly good coal. But even 
if such pockets should be found, which is extremely doubtful, 
they would not at all alter the statement that there are no grett 
coal fields in this part of the State. For fuel for any furnaces 
which may be erected recourse must be bad to other sources 
of supply, for it is impracticable to bring either coal or coke to 
tnis region for this purpose. 

Timber for Charcoal. The fact that the greater part of this 
region is covered by forests, although they are light in many 
places, presents a ready solution to the question. The country 
which is covered by forests must be divided into two very 
importaut sections: upland and bottom. The chert hills, or 
titiwbtr upland* eveu when the hills are thickly covered with chert, are 

Lam ft. 

niorv or less heavily timbered. The growth is, with few excep- 
tions, that which is best fitted for charcoal: black oak, jack oak, 
white oak and post oak are the principal varieties of oak ; while 
there is also a fair amount of black and white hickonr. The 

growth is nuelv larje. and an estimate of a man of wide 
experience in charcoal furnaces, Hon. David Carson, of West 

Plains, puts. a> a conservative estimate, an average yield of 
fifteen eorv's to the acre. There are manv extensive tracts 

vhere 'his could b<? easily multiplied by ten and >till be within 
conservative ;:ir:>. For charcoal purposes, oak and hickory 
are excelled ^n y bv beach . marie and birch, which woods supply 
the c Mrcoa! £-*■- :>.e W:seon>:n a ad Michigan furnaces. 

l:». v:e :, « , t: vjs a very different sec or conditions prevail 
bvca i^ : ;.:t:;.:y a:».d :uai::y of the growth. The oaks 
arc rc;Tv^c:r:e«; \v :>.e V.-ica. ws :e. burr, water, chinko- 
y  * a l* • : ^ .  i ■' : ■• : v i r  e ■: : •* s . H c i : ry ; s also fairly abunda n t . 
B. : :"•«: *•■.•< i ^: ■■:•••*: :r\'cs ar^ :ae *«^c and black 2um>. cot- 
*■:.■■■* »*•■ i * - :a— *rv l':-* .:■&■: a ?erry .s -i'^o rather abundant. 
b\ v^ i • i "*.* - : *■ .."■:- As " • m 'i*i •» :.TS*r of cords per acre 
•* ! c: 1 '■ -v- *o- .  •< v;..; "d \  ■: .: : - -a.-.: : ' siy* but oaks with 
a : a *t:  ■: e -.* • : ?■■■•■  : e '. ■-* i '■ -' r" - •-' ' » -'*■■ : • ' c i ueo ai .i:oa, while the 
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were charred in separate kilns, and they, especially the syca- 
mores, were allowed to become thoroughly seasoned before 
charring. In charging the furnace 25 per cent, of *y eamore and 
other soft wood charcoal were used with no further ill ranlti 
than a slight increase in the cost of the fuel. This increase h 
due to the fact that it takes more of the softer coal to make a 
ton of pig iron than of the harder. 

The above mixture comes almost naturally in the growths of 
the river bottoms. But. if it were desirable to reduce the per 
cent, of soft coal charged an increase in the upland wood could 

><)»' easily be made in the kilus. This is rendered possible by the fact 

that the softer woods are found almost exclusively in the bottoms, 
though mixed with a good proportion of hard wood ; while the 
upland has no soft wood save in the pine belts. 

The facilities for assembling these woods to central points 
where they could be charred and used in a furnace are equal to 
the facilities for collecting the iron ores, and even better, for 
small streams during high water could be made to float wood to a 
railway where it could be caught in booms and loaded on to cars. 

nbiing woods All the railways before referred to run through timbered sections 
and, as they use the mineral coals so abundant in the State in 
other sections, they would have no influence in diminishing tbe 
charcoal supply. Moreover, owing to the nature of the country, 
the greater part of the forests will remain as forests for years. 
The cherty hills are so thickly strewn with flint that agriculture 
is well-nigh impossible, though in the future they will, no doubt, 
be available for fruit. 

All ore belts are covered as thickly with timber as are any 

eits thickly °th er sections of the country, and thus spurs, run from a main 

bered. trunk to an ore deposit, could be utilized if necessary in the 

collection of fuel. 

Value of Lands. It may not be out of place to note in this 
connection the value of arable land in this section of Missouri. 
The richest lands arc the river bottoms and these are the most 
heavily timbered. The cost of clearing these bottoms ?s esti- 
mated at $25 per acre. This cost makes the land almost wholly 
out of the reach of the ordinary settler. The timber growing 
on the land must be cut off and burned at a great expense and 
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some places, otherwise desirable for the location of a hit* 
furnace, might be rendered totally unavailable on account of u 
insufficient and an unreliable water supply. Such is neverthe- 
less ihe fact. Nothing at first sight is more surprising to tb 

W und«rSouSd offtrttVe ' er *h an that he can oftentimes go for miles without finding 

a single stream. Torrential flows there are at intervals in abu- 
dance, but these entirely disappear in a few hoars after a hetvy 
Cain. Even wells would fail to obtain a permanent supply of 
a large volume, though they are able to satisfy all ordinuy 
requirements; the cisterns to catch the rain often resorted 
to, are not from necessity, but from preference in domestic nse. 
The tough clays which usually overlie the limestones are euD? 
formed into reservoirs sufficient in size to furnish generally ai 
abundant supply for cattle and stock. 

But with blast furnaces the case is different. A very lam 
supply of never failing water must be had in order to success- 
fully operate and, had dependence to be placed entirely upon 

Kuromo**mHMi surface flows, their operation would be, in many localities, im- 
abundanrt'. |>ossible. But the very cause of this lack of surface water is the 
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fact that the country is of limestone and the water thus find* its 
level by means of underground channels. This fact is abun- 
dantly testified to by the numerous springs of extraordinary >ize 
which nro found in this part of the State. 

It will thus be readily understood how there are many places 

in the Ozark s where an abundant supply of never failing water 

may be had. The springs above referred to are numerous and 

spring* »t:*T^ of large size, ami when once they come to the surface thej 

larelv or never airain ffo uti<ler<rround. Tbev are then surface 
-tivam-. lu regard to a water >upply for furnaces, it maybe 
said, then, that localities can be selected, in other respects 
auspicious, whore water is abundant. 

M.uk'*'< for //•■••■*. There is verv little doubt but that iron 
could be manufactured in the Osage river belt, shipped to St. 
L«mm> a:ivl there votr.peie on favorable terms with iron from 
Tonne>>ee and A : ab;iiua as well as from Illinois ami Wisconsin. 
l> :t tlie most hopeful location for tin tire markets is to the west 
and southwe>t. I a the srvat >t:vt« m h of territory from the Mis- 
<i^ : ptM to the Kooky rr.ountains. inducing Nebraska, Kansas, 
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COST PER TON OF IRON OBB AT FURHACK. 

MlB 

Mining per ton 

Royalty 

Unloading 

Freight by rail 

Roasting 

$1.07 fl.6S 

Average cost per ton at furnace, $1.85. 

COAT Or UME6TOKR PES TOM OP PIG IXOK. 1 

Min. Max. 

Mining per ton f .2$ # .35 

Freight by rail .30 .30 

Royalty 06 .05 

Unloading and crushing 15 .30 

.75 $1.00 

Average cost per ton of limestone at furnace, $.80. 
Average cost per ton of pig iron, $.40. 

COST OF LABOR PER TOX OF PIG IROX.* 

Min. Max. 

1 founder $3.00 $3.50 

1 night foreman 2.00 1.50 

1 first engineer . 2.50 3.00 

1 second engineer 1.25 1.50 

2 keepers at $1.50 3.00 at $1.05 3.90 

4 helpers at 1.25 5.00 at $1.40.... 5.60 

2 topfillers at 1.35 2.70 at $1.50.... 3.00 

4 bottom fillers at 1.25 5.00 at $1.40.... 5.60 

4 coal forkers at 1.25 5.00 at $1.40 5.60 

4 crusher men at 1.00 4.00 at$1.25.... 5.00 

3 cinder men at 1.25 3.75 at $1.50.... 4.50 

5 iron carriers* at 1.25 10.00 at $1.50.... 12.00 

2 cart boys a; .»-0 1.20 at .75.... 1.50 

1 watchman 1.25 1.50 

•.; laborers at 1.0^ o.CO. at $1.25.... 7.50 

1 v v \^. cVrk 1.50 2.00 

1 orj-^u-r 2.00 at S2.60 2.50 

i ^art ui"...i^ at .75 ... S.C0 at .75.... 3.00 



*.2. 15 $73.10 

Based on one hundred tons of :ron ore p. r Jay. charging with 20 per cent, of 
limestone or 2? toss. 

1 Ba>ed on a product of ti\j ton> of r--? «ron per day. 
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Minimum labor cost per ton 91.24 

Maximum cost per ton 1.46 

Average labor cost per ton $1.85 

Average salary charged per ton of pig iron $45.00 l salaries. 

SUMMARY OF COSTS PHR TON OF PIG IRON AT FURNACE. 

Min. Max. Aver. 

Cost of two tons of ore $2.14 $8.26 $2.70 

100 bus he Is of charcoal 4.25 4.55 '4.40 

Limestone 88 .42 .40 

Labor 1.24 1.46 1.35 

Salaries 45 .45 .45 

Oils 05 .05 .05 Summary. 

Sand 05 .05 .05 

Tools and smithing .15 .15 .15 

Repairs 25 .25 .25 

Stationery 05 .05 .05 

Selling 25 .25 .25 

Interest 25 .25 - .25 

Sinking fund 25 .25 .25 

99.75 $11.45 $10.60 

CONCLUSION. 

As has elsewhere been pointed out, the abandoning of Pilot 
Knob has cut off one of the great sources of ore supply for 
St. Louis. If iron manufacturing is to be sustained there, a 
universal impression is that ores must be brought in from the 
Lake Superior region, or pig iron for the foundries must be 
brought from the same region or from Alabama and other south- F iJo\ r iVrodiic 
em furnaces. There are only two ways out of this. One is 
the finding of new and rich ore deposits in the porphyry region 
of the State; the other is to work the iron ores of southern 
Missouri in local blast furnaces and to ship the pig iron to St. 
Louis. 

In view of these facts set forth in this report it would seem to 
be well worth the time of iron masters of St. Louis and other 
places to look well into the extensive limonite deposits of southern 
Missouri. 



1 Based on an annual output of 15,000 tons. 
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tive examination , such as has not been possible with the means 
of the Geological Survey, this is impracticable in the case of 
iron ores. 

The specular iron ores which occur in the porphyry region 
have been so fully treated of in the preceding special chapter, 
that the subject will be dismissed here with bat a word. The 
porphyry belt is well defined, and, if further deposits of iron ores 
exist in the exposed portions of this rock, prospecting for them 
on the surface is a comparatively simple matter. Hie work which 
has been done with a diamond drill at the mines seems so far to 
hold out little hope forthe finding of extensive vein deposits at these 

rospect- ] oca j j t j e8 w hich do not now show. As was stated in the special 
7 chapter, however, surface prospecting has been very thoroughly 
done and with few or no practical results. The prospecting with 
diamond drills has so far only been done in connection with well 
known ore deposits. But if the hypotheses which were assumed 
are correct, then there is a fair chance of success in prospecting 
for veins which are apart from known deposits and which do not 
show on the surface. As an instance in point, a vein deposit 
was struck at the base of Shepherd mountain under the Cambrian 
rocks which gave no surface indications. 

The specular ores of the sandstone region present a very dif- 
ferent phase. The deposition of the specular iron ores of this 
region began soon alter erosion commenced the wearing down of 
the Ozark Uplift. With the cutting of underground channels 
and the removal of lenses of limestone from the transition beds 
between limestone and sandstone, began a falling in of the 
soluble sandstone. At the same time and subsequently to this, 
the iron w&s being deposited. 

j£i 8 b5 On account of the deposition of iron the rocks were indurated 

and were thus less acted upon than the unprotected rocks. 
Within certain limits the more extensive the erosion the greater 
the deposits of iron, other things being equal. Meanwhile, still 
bearing in mind that this area of the Ozarks was rising, we can 
imagine that erosion would cut deeper with the rising land. 
With this deeper cutting deposits of iron ore occurring on the 
border of some stream would be gradually undermined and 
allowed to glide down a slope or to sink into a ravine which had 
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They are found there, but they are limited in quantity and often 
poor in quality. Just what the exact relation is, is not yet made 
out, but it is a noticeable fact that association with sandstone is 
characteristic of the specular ores, and with limestone of the 



lation of brown hematite. Another point is that the steep walled ca&ons, 

«iarorr». steep, cherty hills, in short the mountain region of the Ozark 
Uplift, is no more the habitat of limonite than of specular ore. 
There is this difference, however. Specular ore is never found 
in such places while limonite often occurs in large masses of 
remarkable purity, as for instance at the Old's bonk in Oregon 
county. This bank, however, though it has thousands of tons, 
is, comparatively speaking, really small and unimportant as to 
siae and the numbers in the mountainous region do not make up 
lor this lack of size. 

Limonite* are derived from rocks or from pre-existing depos- 
its by solution, and they are deposited in a region of still waters. 

»it*«r«+. It would follow that in the region of quieter waters, where 
erosion has progressed farther and the steep walled hills have 
almost wholly disappeared, would be the most favorable locali- 
ties for limonite. In any given locality, then, an estimate favor- 
able or unfavorable for limonite in extensive deposits can be 
based on topography. Not on the summits of narrow crested 
divides, nor on their steep slopes, nor yet in the ravines, if they 
are narrow and <teep walled, will deposits of limonite be found. 
On the <ides or slopes of easy hills or at their bases is the 
most favorable looalitv. To anv one who wishes to know 
whether a given locality is favorable for a deposit of limonite in 
the Orark I'plift a careful study of the topographical map and 
sections of the Latuons bank is recommended. 

Oi:e ^vitu to Se especially borne in mind is this. Even in the 
:uouK:a:Kous uart of the Uplift there cxav be tanse areas sheltered 

ttocvu? * tror.i :r.e :v.os: w.-: erosion ard t~us present conditions favor- 



t »?i>( ,-«v-ab.c ::» :. H e :cvc. 'v.v^t.: of iVi:o:::e. Lspectaliv ma v these con- 






c ■•••.> , . : .ervl a- :.ivjr.t?!e if the outcrop, instead of 

vv ^ < : s: : r ^ ,* : * ir u * ^c * - - r > " f -■ ' re a 2d associat ed with rocks in 
vl.i.e. :. *> <:> *:' ^:a::c:^t :ri^-re:*:s :f ore of small siae xm- 
Sfdoco. ■* * .■ iv;v <*.""". !*_• j:t* erti. however, the rule will 
?e r 01:20. :<c: ■:". :>.t: •■ ? vi'.r'-: :-er*:s::s '^c limonite can 
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CHAPTER IX, 

THE SPECULAR ORES IN SANDSTONE. 
CRAWFORD COUNTY. 

BENTON CREEK MINE (8.). 
Sec. 82, T. 30 N. t 6 W. 

A description of this mine was given by Dr. A. Schmidt In the Report of the 
Missouri Geological Survey, 1872, parti, p. 184. It has now been abandoned. 

CRAIG MINE (N.). 
8ec. 24, T. 30 K„ 6 IT. 

The Craig bauk is near the Meramec river and on the north aide. It is also 
west of a small 8 1 ream which empties into the Meramec. The western face of 
the hill on which the mine in situated is limestone in horizontal beds. Near 
the brook, sandstoue, associated with the ore, occurs; both the sandstone and 
the ore dipping rather steeply towards the brook. Near the brook, and the 
railroad to Sligo, sandstone also appears dipping steeply. The ore body, as 
shown by mining, seems to be interstratlfled in irregular lenses in the slaty, 
impure limestoue which lies under the sandstone. In other words, like many 
of the specular ore deposits, it seems to lie in the calcareous part of the beds 
of sandstone. Much of the sandstone is so highly charged with specular ore 
as to appear like a solid ore. The ore body as a whole is rather lean, and, 
owing to its irregular shape, is difficult to work. 

FERGUSON MINE (S.). 
Sec.L'J, T.:i7 A T .. 4 W. 

A Hat northern hill-slope here shows in several places, horizontal zones of 
larger and smaller fragments of specular ore on the surface. These zones are 
both distinct and indistinct. They are from four to eight feet wide, measured 
down the slope. They seem to run across the slope and to terminate on either 
side, in a ravine. The ravine on the western side is the deeper, and contains 
Irregular accumulations of rounded ore. A shaft sunk, near the highest point 
of the slope, to a depth of twenty- two feet, passed through six feet of soil and 
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red loam, two feet of soft red hematite, two feet of red and yellow sandy clay, 
two feet of soft red hematite with pieces of specular ore, two feet of red clay 
with pieces of sandstone and some chert, and eight feet of large boulders of 
specular ore imbedded in soft red hematite, below which a layer of light yellow 
clayey ocher was struck. All of these layers seemed to be dipping into the hill. 

GROVER MINE (8.)- 
S. W. i, Sec. J, and X. jr. J, Sec. 11, T. 35 X. t 4 W. 

This bank is situated on the top of a high ridge, with rather steep slopes, 
cut by numerous ravines, which descend gradually through lower ranges of 
hills into the broad valley of Crooked creek. 

The ore does not lie thick, either on the slopes or on the hill. It is more 
concentrated in the ravines. The Third Magnesian limestone and the Second 
sandstone are met with in going from the valley up to the bank. The sand- 
stone becomes very ferruginous near the bank. Above this is a thin streak of 
red clay with chert and, finally, the ore on the summit. The succession of 
rocks and the situation of the bank seems to warrant the presence of a good 
ore deposit, although the surface ore is not very copious. Six small shafts 
have been dug on the top of the hill, five of which were too near the out- 
crop of the ore, and therefore after cutting through five to seven feet of 
soft red and of specular ore, struck either the underlying white clay or the 
chert breccia or the impregnated sandstone. The sixth shaft was made nearer 
the central part of the summit, and struck soft, red hematite immediately 
below the soil, together with boulders of specular ore up to one foot in 
diameter. This shaft was discontinued at a depth of six feet, and is all in the 
ore. 

IRON RIDGE MINE NO. 1 (S.). 
X. E. J, Sec. 29, T. 39 X., 6 W. 

The plan and section of this mine was given by Dr. A. Schmidt in the 
Report of the Missouri Geological Survey, 1872, Part I, p. 142. It has been 
abandoned. 

IRON RIDGE MINE NO. 2 (8.). 
Sec. 33, T. 39 X., 5 jr. 

Here, on an extensive tract of slightly undulating ground, are found iu 
many places indication of specular ore, and occasionally large boulders of 
good surface -ore. A number of ditches were made to investigate this tract 
and disclosed irregular accumulations, mostly if small extent, of rounded ore 
with red clay, of white clay with pieces of chert and of impregnated sandstone. 

OLD COPPER HILL MINE (S.). 

K. ft, X. K. \, Sec. 23, T. 40 N., 2 W. 

The ore occurs on a rather steep, and nearly isolated hill. The surface ore 
is specular in some places; pure, in others mixed with sand and passing into a 
strongly impregnated sandstone. The pieces are all rounded, usually only two 
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or thrao Inches across. The two shafts sunk here, were sunk to a depth of 
perhaps twenty or thirty feet In loose sand and clay with pieces of white 
sandstone. 

SCOTIA MINE NO. 1(8.). 

K. ft, S. B. ft, Ste.1, T. 98 if., 9 W. 

A description of the mine Is given in the Report of the Missouri Geological 
Survey, 1872, Part I, p. 128, by Dr. A. 8chmidt« The mine is now abandoned. 

8COTIA MINE NO. 2 (8.). 

A description of this mine is also given by Dr. A. 8chmldt In the Report of 
the Missouri Geological Survey, 1872, Fart I, p. 131. At present the mine to 
abandoned. 

STEELY1LLE MINK NO. 1 (S. ). 

A\ §, £. W. J, Stc. o, r. 97 jr., 4 w. 

A description of this mine mar be found in the Report of the Xissonri 
Geological Survey. 1*72, Fart 1, p. 152. It to now abandoned. 

THOMPSON MINK (X.). 
S«r. :*. T.3*X~4 ST. 

Considerable specular ore has been taken from this bank ami inn Hid nt SUgo 
furnace. The ore is mingled with chert and san drt on e In the snans way as at 
Chert? YalWy. There i* much secondary eaktnt present, which in stain e d by 
trvtt $*> a* to resemble jasper. The ore body rests on Hmesfont with broken 
*a'.t«!*:csie ** caj* rwik. IT:* ere ;* ruber lean. 
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PLANK MINE (N. ). 

Sec. 33, T. 36 N., 6 W. 

This batik differs in no material respect from the Hawkins bank and the 
Simmons mountain deposit. The mine is encircled on all sides by a low ridge. 
The workings of this mine shows that the dip, both of the clay and slaty rock 
and sandstone as well, is towards the ore body. No limestone is in sight at the 
mine or in the immediate vicinity. Two deep shafts have been recently sunk on 
the southeastern and the southwestern sides of the mine. A drift connects the 
two s bafts at the bottom. The drift seems to be wholly in ore. The entire 
working ore body is now underground. 

The ore is of the usual variety of specular ore. It is mingled with limonite 
which occurs occasionally, but it is not as abundant as when the ore was taken 
from a higher level. Jasper and vugs of quartz and amethyst are met with In 
the ore. There is much soft red ore present. 

POMEROY MINE (».). 
Sec. 10, T. 34 N„ 6 W. 

Here the principal mass of surface- ore, although in large quantities and sizes, 
is not on the summit but on the western slope, where indeed, besides the cherty 
soil, hardly anything else but ore is seen on the surface. The summit Is oc- 
cupied by ferruginous clay-rock and pieces of ore altered into limonite. On the 
eastern slope there is a zone of well-known breccia of white chert, cemented 
by clay-rock, and lower down the ordinary, white or yellow Second sandstone. 

8LIGO MINE (N.). 
Sec. 2, T. 35 N.,4 W. 

There has been a good deal of ore taken from this bank but the deposit seems 
to have been rather " pockety." The surface of the ground is covered with 
broken sandstone and the ore seems to have laid in lenses in the slaty limestone 
immediately under the sandstone. The ore body lies on a ridge about 100 feet 
above the furnace at Sllgo. Two drainage streams flow towards the valley 
from either side of the ore body. Toward these the sandstone dips steeply. 
On the west side of the ore body, as now known, a shaft is being sunk. It 
has penetrated almost 50 feet In loose saccharoidal sandstone, with no ore in 
sight. 

It Is intended to sink at least 100 feet or until limestone is struck. Drifts 
will then be run in various directions. This promises to be one of the most 
thoroughly tested mines of the specular ore region. 

TAYLOR MINE (8.). 
S. W. i, S. W. \, Sec. 12, T. 34 #., 7 W. 

This whole mine is situated on the slope, and the specular ore occupies the 
foot of the hill. The surface ore extends over an area about four hundred feet 
square. The main body of the ore will probably be found in the upper part of 
the semi-circular space, which is surrounded by a zone of ferruginous rocks. 

15 
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WILLIAMS MINK (!*.)• 

jv. ft, 8*:. ie, t. as jr., m 

The Williams mine was owned and was operated by the Midland Bat 
Foroace Company. The mining was done on the point and western slops ot i 
spur leading off from the main ridge. A est abont fifty yards long, norm sal 
sooth, and sixty yards wide, and several shafts of various depths have hat 
made here. The deepest of these shafts extended to a depth of thirty fed 
In this one red clay, a good quality of yellow ocher, a small amount of ore a* 
chert fragments and strata were met with. In the southern end of the ash 
cat which is also about thirty feet deep, a prospect hole tan feet deep was pa 
down and passed through only a small amount of ore. 

The walls of the cut now show ocher 9 Irregular strata and blocks of chert, 
day, some ore and detrltal material. A larger amount of ore extended frsn 
the surface to the bottom of the cut. 

The greater portion of the ore is of the red variety with a variable amoaatd 
hard specular ore mixed with it. This bank is now abandoned. 



FRANKLIN COUNTY. 

THURMOND MINE (8.). 
K. ft, N. IT. ft. Sec 19. T. 42 JT., I JT. 

This mine is situated In a rather rough country, with steep, high hills, sep- 
arated by narrow ravines and valleys. The soil Is mixed with and la eon* 
places covered by broken, white chert. The surface Indications consist of a 
number of large pieces of llmonite, and of some small, sharp fragments of s 
very hard and siliceous specular ore. They are scattered over a surface aboat 
fifty feet wide and two hundred feet long, over a slight rise of the ground 
extending down the slope of a moderately stet-p hill. A shaft was sunk here 
years ago in search for copper, and it is said this shaft passed through thirty- 
seren feet of red Iron ore. 



IRON COUNTY. 

BURT MINE 'N. ). 
»e. :>. T. S4 .V, J W. 

This bank occurs on the slope of a raviue, uot on the summit of a hill. Two 
treuches have been cut out in the slope and each bas struck a body of soft red 
specular ore, and has followed it up the slope for fifty feet or more. The 
trvuehes >how that the ore body dips regu'arly with the slope of the ravine. 
The whole of the ore body is soft aud sreasy to the feel, even tne harder and less 
decomposed lumps. These are •• slickecsMed." and, in fact, the whole ore body 
shows sl;ckt'us:des. Tnere are masses of jaspery ore which is not, of course, 
so badly decom posed. There are also " vugs " of qo arte and amethyst crystals. 
The whole bauk. presents the appearance of a specular ore deposit which bas 
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JAMES MINK AND MOSELLE MINE NO. 9 (S.). 
S. J, S. E. J, Sec. 29, T. 38 N. t 6 W. 

These two mines are situated close together, on a low ridge, on the plateau 
of St. James, between the Dry Fork and the Bourbeuse rivers. 

This deposit is formed in connection with the Second sandstone and Third 
Magneslan limestone. 

Both of these banks are nearly worked out; the best and richest ores are all 
taken out, and the walls and the bottoms of the deposits are laid bare. The 
ore formerly contained in these pockets was mostly soft, red, and in part greasy 
hematite, enclosing large boulders of specular ore. f 

KELLY MINE NO. 1 (8.). 
E. J, Sec. 18 t T. 36 IT., 8 W. 

This mine is situated near the summit of a hill. The bank resembles the 
Thornton bank, but seems to be more extensive and contains larger pieces of 
hard specular ore. There is next to the ore on each side, a thick layer of white 
clay mixed with broken chert, and outside of this a mass of yellow sand and 
red loam, irregularly mixed and free from chert. 

KELLY MINE NO. 2 (8.).' 
N. E. J, Sec. 21, T. 37 N. t 8 W. 

Here two openings have been made, one on the summit and another on the east- 
ern slope of a hill. The lower opening shows a double succession of layers of 
clay, of broken chert and of broken ferruginous sandstone dipping southeast- 
ward and below this an irregular maes of soft hematite, red and brown, con- 
taining thin veins and small pockets filled with crystalline carbonates of Iron. 
These carbonates are also found as cement of broken chert. The large mass ot 
loose gray rock on the north side of the cut contains single crystals of iron 
pyrites and also veins of carbonate of iron. 

The upper opening shows a bed of boulders of llmonite some six inches in 
diameter, imbedded in loam without any chert. 

LAMB MINE (8.). 
Sec. 36 * T. 86 N. t 6 W. 

This mine is situated on the dividing ridge between the Benton creek valley 
and the Norman Hollow, at the head of the western branch of Benton creek. 

The main part of the branch is situated close to the highest point, and Is 
nearly round, one hundred and fifty to two hundred feet in diameter. No dis- 
tinct annular outcrops are perceptible, however, and the limit of the body of 
masnive ore can therefore not be determined with great accuracy. But an 
annular streak of ferruginous clay-rock and of chert breccia can be traced 
nearly all round the bank, from the loose pieces lying on the surface. A hori- 
zontal outcrop of white sandstone is found half way down the western slope 
where also large boulders of specular ore occur, as well as in the western ravine 
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which Is about one hundred and thirty feet below the bank. The low, trine* 
lar slope south of the circular bank Is covered with small and rounded suta 
ore. This ore was undoubtedly washed down from the main deposit. 

« 

8ANTEE AND CLARK'S MIXK (B.). 
8. W.l,8ee.33 t T.$8ir.,e W. 

This mine lies on a high bluff of Third Magnesian limestone aad 8eoQsl 
sandstone, on the east side of Dry- Fork river. Several openings have dlsdoaw 
Irregular masses of red and brown ore. 

SMITH MINES (8.). 
Sic 99. T.86ir..e W. 

The three Smith mines are situated on very flat slopes or swellings of tat 
ground, all pointing sooth, and lying about on an east- west line, within a dis- 
tance of one-half mtle. The two western banks are very near together, sal 
have a very similar appearance. In both of them good specular ore in very 
numerous rounded pieces, Is spread over a flat, triangular slope, encompassed 
by two small triangular ravines, which unite at the southern end of the bask. 
The upper, wider and most northern part of the slope, which forms the base of 
the triangle, passes into a plateau. This triangular space, over which the on 
extends, is about two hundred and fifty feet wide at the base and three hundred 
feet long on the western bank; it is two hundred and flftj lent wide at the bast 
and six hundred feet long in the central bank. The ore of the latter Is some- 
what smaller than that of the former, which sometimes reaches eight inches 
across. Pieces of broken chert and sandstone are found with the ore. The 
western bank extends twelve to twenty feet over its western ravine and up the 
opposite slope, where the ore, however, has a somewhat different character, 
being mostly stalactitic, or pipe-ore. Holes dug In this bank passed through 
loose masses of broken white sandstone, sand, broken chert, white clay and 
red loam, all mixtd irregularly, and containing In places some soft red hematite 
and some rounded specular ore. the latter principally contained in the soil near 
the surface. The third bank has a different appearance. On the upper part 
of a flat slope a circular depression of sandstone is perceptible, having a 
diameter of about tifty feet, and being marked by annular outcrops. Inside of 
these outcrops is a small accumulation of specular ore, In rounded pieces. 

8TIMSON MINE (L.). 
Sec. 10, T. 30 N. t 6 W. 

Here a cut sixty yards long has been made in the bottom of a ravine which 
lies between two hills of moderate slope. In the western portion of this cut 
the mining was prosecuted to a depth of twenty feet beneath the surface. On 
the surface here hard specular ore was found mingled with chert fragments. 
A considerable amouut of good red ore was shipped from this locality and there 
now remains some ore stocked at the bauk of the cut. The walls of the cot are 
mostly of white stratified siliceous clay aud bands of decomposed and non- 
decomposed chert and sandstone interlamiuated with red clay and irregular 
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bears on its western slope a very extensive streak of surface ore, about twehrt 
hundred feet long and one to four hundred feet wide. Moat of the ore Is rather 
small and rounded off. The ore at the south end Is very bard and siliceous, tan 
at the north purer and softer. 



REYNOLDS COUNTY. 

JANUARY MINE (L.). 
.V. K. |, N. E. *, See. 90, T. 99 JT., 2 W. 

This mine of specular ore is situated on the extreme weatern limit of Bee 
Fork of Black river. The eastern slope of the hill here la very gradual and it If 
on this slope that the ore was first seen here. Here several small pita have beet 
dug and, In each case, Iron ore was taken out. One abaft was dog twelve feet 
deep and the lower seven feet was seen to be made up solely of troa ore; tha 
a hole bored twelve feet deep Into the bottom of ibis pit, continued to past 
through ore. The ore can be mined with a pick; It weathers Into a red, clayey 
mass. Within this softer ore are found scattered masses of typical specular 
ore. These masses contain some quarts and are partially composed of Jasper. 
The quality of the red ore Is very good. Some sandstone blocks and frag- 
ments are seen on the surface of the hill. 

REPORTED LOCALITY/. 

Mr. A. H. Eaton reports the occurrence of specular Iron ore la Sec 8, T. tt 

N. t 1 W. 



TEXAS COUNTY. 
Roger's mill laxd (l. ). 

.V \r. J. X. E. J. 5<c. 23, T. SI X. t 9 W 
"w t\* property of t\< Jiuaomri Iron Cumpmrnm. 

Specular irou or* occur* here u*ar the top of a high spur next to Arthur's 
creek. The ore is in pieces, mostly small, though a few are as much as six 
inches across. It is somewhat siliceous bearing silica In the form of drusj 
quartx or grains of sand. Xri: to the creek this spur Is very steep, and sand- 
stoue, iu horixontal ledges, is shown. Scattered fragments of the ore are to be 
touud with this sandstone but it is said tnat these fragments were carried bj 
rolling loss, from the dcpo>i*. on the top of the hill. The mala exposure of the 
area covers perhaps twenty square yards. Within this area a shallow pit was 
dug ard from this pi; fragments of specular ore and red, sandy clay were taken 
out iu which were found scales of specular ore acd a little red hematite. 
Chert fragment*, large and small. are found iu the surface of the hill around the 
ore area. Some of these are coa:ed witii l:mo3i:e ore. Bedded sandstone is 
seen still higber up :he hill, a >hor: *i:s:*zce away. 
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WASHINGTON COUNTY. 

BL ANTON 8PECULAR MINE (s). 
N. 4, S. E. \, Sec. 29, T. 40N. t l W. 

Some rounded surface ore, mostly small, is found here, on three spurs of a 
low ridge. The spurs point about north and strata of feolid sandstone crop out 
at the foot of each. A hole, dug fifteen feet deep on the top of the most 
eastern spur, passed through drifted, sandy detritus, with little ore, then struck 
a layer of chert. This bank is on a hill thickly covered with detritus, through 
which single pieces of specular ore are unequally distributed. The ore itself 
is of good quality . 

PRIMROSE HILL MINE (S.). 
S. W. J, N. W. J, Sec 32, T. 40 N. t 1 W. 

This mine is of similar character to the Blanton bank. The surface ore, 
mostly small and roun led, occurs on the inner side of a high horse-shoe shaped 
ridge, enclosing a deep ravine. Pieces of hard sandstone, with quartz cement, 
and of ordinary soft sand>tone, are also found on the surface. The ridge was 
investigated by three shafts, one ou the northern slope of the western spur, the 
others on the inner slope of the central and highest portion of the horse-shoe. 
Neither of these shafts reached solid rock. The two upper shafts are forty 
feet deep, in fine, sandy detritus, mixed with streaks and irregular masses of 
soft, red hematite and of broken stalactites or half decomposed specular ore, 
sometimes cemented by soft sandstone. 
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CHAPTER X. 

THE LIMONITES. 
BENTON COUNTY. 

CARPENTER BANK (8.). 
Sec. 12, T. 40 If., 21 W. 

Limonite coven the surface here orer only a small area, of perhaps twenty 
feet In diameter, bat is found scattered in leas quantity to various) other places 
on the same hill. There Is no ore in the strata of the cut, it la found onlj In the 
soil covering the strata. Limestone is found under the surface loam and clayey 
sand, with white chert, in a thin distinct layer. 

ELM HOLLOW BANK (8.). 
fto. 86, T. 41 2T. t 22 W. 

The limonite at this place lies upon the northern slope of a hill orer a surface, 
perhaps, fifty by one hundred feet. It consists of numerous angular pieces 
varying in size. There is a core of pyrites in some of the larger pieces of ore. 
Chert is scattered over the entire hill, and near the top, above the ore, occur 
pieces of sandstone. 

GK1SSOM BANK (8.). 
Sec. 28, T. 40 N., 21 W. 

Limonite is here in large pieces of irregular shape, very porous, partly of 
stalactitic fracture. The ore lies upon the western Mope of a hill, one hundred 
and fifty feet high. At the foot, limestone is seen, in position to a height of 
sixteen feet. Above this the mass of the hill seems to be sandstone, covered 
with pieces of sharp-cornered chert. Some of the ore is sulphurous. A sin- 
gular feature of this bank is the appearance of the ore In large quantity and 
exclusively above the sandstone outcrops. 

GUN BANK (8.). 
Sec. 33, T. 40 N., 20 W. 

Here a large amount of surface limonite is scattered for a distance of fifty 
feet vertically and live hundred feet along the northern slope of a low, fiat bill. 
Two test-pits and numerous drill holes have been sunk, all of which struck the 
ore at a depth of four to six feet below the surface. The ore is of a good 
quality. 
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INDIAN CREEK BANK (8. ). 

See. 26 t T. 42 N. t 21 W. 

Here there is a hill about two hundred feet high. At the base and extending 
probably twenty feet vertically, is a horizontal limestone. Above thin, on the 
western slope, the surface is covered with chert and pieces of limonite. At 
one place is a large boulder of many tons weight. It is partly formed of fine 
pipe-ore broken, and the pieces cemented again by ore. Other pipe-ore Is 
mixed with the soil near by. Sandstone probably forms the top of the hill 
above the limestone. 

RICHWOODS BANK (8.). 
Sees. 3 and 4, T. 39 N., 22 W. 

The limonite here lies upon the western tlope, in a belt about ten yards wide, 
and extending some two hundred feet up the hill. 

Above the ore is a yellow sandstone. At the foot of the hill, a few hundred 
yards distant from the deposit, Is an outcrop of limestone. 

WALKER BANK (8.). 
Sec. 36, T. 41 N. t 20 W. 

Here at the top of a high, cherty hill, single limonite pieces are widely 
scattered over an area twenty feet in diameter. The outcrop consists of large 
boulders of limonite of good quality. 



BOLLINGER COUNTY. 

BOLLINGER (B. H. ) LANE (L.). 
Sec. 31, T. 29 N. t 9 B. 

On the property of Mr. B. H. Bollinger, limonite is found in the form of 
broken masses, covering about sixty square yards on the point of the spur of a 
ridge. It is siliceous, silicia occurring principally as small broken chert frag- 
ments. The ore masses are usually una 11 and angular and mingled with a few 
fragments of chert. On the surface surrounding the ore area, these fragments 
are more numerous. This locality is less than one mile distant from the 
Brownwood, Zalma Branch Ry. 

DEAL BANK (S.). 
Sec. 2 t T. 31 N. t 8 E. 

Here is what is known as the Deal Bank. There are four successive layers, 
sloping with the hill. The lowest is a mass of solid, chocolate- brown limonite, 
taking occasionally a bluish color. It is in part mixed with yellow ocher, 
in part with white or yellow, tine or coarse, broken chert. The layer above 
the ore is red day, with broken veins of ore which enclose broken chert; above 
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this Is a yellow, sandy clay, mixed with fine chert, sad taftsntnftffied with lay - 
era of this chert; above this Is a cherty soil, with boulders off 'good, bard, dease 
llmonlte. 

DONDORE (L. T.) LAND (!••)• 

S*c*.7 f 8,17m*dl8,T.*8*.,&X. 

Llmonlte Is found in several localities within thane s ec tio ns. In oss local- 
ity the ore occurs as huge, p irtlally uncovered masses and fragments eoverlag 
an area more than one hundred yards long and nearly fifty yards wide. Tab 
ore lies on a very gradual dope with chert fragments on the surface. At the 
extremities of this area some digging has been done. Here the surface 
masses were most numerous and largest. The surface ore Is of a better qual- 
ity than that towards the bottom of the cots, which are four or Ave feet deep. 
In these cuts are found llmonlte, turglte and perhaps other ▼artstles of iron 
oxide. The lower portion is quite sandy and contains nodules of Insoluble 
mateilal. Ore such as is found here Is found about half a mile westward. 
These deposits are nine miles from Zalma at the extremity of the B., Z. Br. Rj. 

OILMAN BANK (8.). 
N. W. fc Sec. 1, 7. 81 N. t 8 *. 

Here the mass of llmonlte ore is of lenticular shape and lies imbedded In 
yellow clay, mixed with fine, white chert. The ore la broken and fractured Into 
pieces and blocks*. The soil here is covered by, and encloses a large quantity 
of chert mixed with fragments of white tandftooe. Limestone Is seen crop- 
ping out in the bed of Crooked creek, one-half mile from this ore bank. 

LEMON (THOMPSON) LAND (L.). 

S. I, Lot 8, Sec. SO, T. 2U N., 9 E. 

This land is owned by Mr. Thompson Lemon. Massive limonlte is found here 
In a ledge and in boulders and fragments. These almost wholly cover an area 
about forty yards long and thirty yards wide and are scattered over an area one 
hundred \ard* long and thirty >ards wide, on the southern and eastern hill 
slopes, just north of a slight divide between two chert ranges. Ouly scattered 
boulders are found in the easternmost portion of this deposit. The ore is sili- 
ceous, silica occurring principally as fragments of chert, but also as dissem- 
inated grains of sand. This chert could be, to a large extent, removed by 
robbing. Fragmeotal chert is found on the surface of this and neighboring 
hills. This locality is two or three miles distant from the B., Z. Br. By. 

LUTE'S (JESSE) BANK (M.). 
X. E. J. X. »f. J, Sec. 11, T. 30 N.,U K. 

At this place the ore had been disclosed by two cats on the northern 
slope of a hill, near the top. Scattered over this hill and the next one north, 
and occurring in the clay and chert at the cut, are found large numbers of 
hollow concretions of good ore. The main cut is thirty feet deep and showg 
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of chert. Into Ibis slope a cot seventy Tarda loss; has bean made. This cat 
shows masses of llmonlte, a foot or so across, occarrtag lo clay, from the sir- 
face to the bottom of the cat, which Is tea or twelve feet deep at the upper 
end. This ore Is hot alight ly siliceous, containing Jnat a few small, scat- 
tered fragments of chert. This locality la about four miles) distant from the &, 
Z. Br. By. 

Rhode's bank (m.). 

8. W. *, £«. 14, T. 81 JT., 8 *. 

Llmonlte Is found here In the form of boulders and fragments on the south- 
east slope of a low hill covering an area about two handled and fifty feet losg 
and fifty feet wide. It has al*o been exposed by two cats. The apper cat 
reveals nothing but pieces of ore In the chert and clay. At the lower, la ex- 
posed over an Irregular area, perhaps forty feet In diameter, ore, chert aads 
porous quartalte with cavities filled with ocher to which a email quantity of ore 
la found adhering. The surface of the hill above la covered with large boulders 
of ore and chert. At the upper cut the ore Is better, bat the same qoartsoM 
rock is found adhering to it. 

bobbin's bank (m.). 

See. 10, T. 81 N., 9 B. 

Here, llmonlte occurs upon the northern slope of a high, hill on the divide 
between Hurricane and Crooked creeks. It lies In many broken pieces of uni- 
formly Urge size In a belt about two hundred yards long, north and sooth, and 
seventy-five feet wide. It Is dense, hsrd, siliceous rather than cberty, and 
most of It is dark red in color. There are many chert pieces scattered with the 
ore on the surface. 

tiub's bank (m.). 

S. W. J, Sec. 29, T. 31 N. t 10 E. 

Upon the northern Mope of a hill about sixty feet high, llmonlte is exposed 
by a cut at the forty-foot level. It is seen at the head of the cot, which runs 
in a houtherly direction, lying in broken, irregular mass much mixed with 
ocher, and imbedded in the clay. There is but little chert present, but the ore 
is full of ocher, and is occasionally sulphurous. Much ore is scattered over 
the surface, and several sra ill test pits have been dug without revealing the 
presence of any solid body of ore. 

TIRKEY HILL (S. ). 
X. ir. J, Stc. .7i\ T. /?J X., 10 E. 

Limonite is found here, in the form of larje and small boulders, at the foot 
of a >teep hill, near the bottom of a ravine. These boulders are gent* rally of * 
pure, dark colon d limonite, which are imbedded and irregularly distributed 
through a yellow, marly clay containing much chert. A tunnel has been run 
about twenty feet into thin hill, through clay containing ore-boulders. 
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REPORTED LOCALITIES. 

Mr. J. H. Grant reports limonite as occurring in Sec. 25, T. 29 N. f 8 E. 
Mr. M. Htadman reports limonite as occurring in the E. fc, S. E. J, 8ec. 9, 
N. W. i, S. E. }, Sec. 21, and in Sec. 23, all of T. 29 N., 9 E. 



BUTLER COUNTY. 

AGRICULTURAL COLLEGE LAND NO. 1 (L.). 

Sec. 21, T. 26 N., 6 B. 

This land is the property of the State Agricultural College. The limonite 
here covers an area fifty yards across. The ore is in the form of sma«. 
masses, on the crest and sides of a divide, between two knolls. There also 
appears, cropping out at the lower margin of the area, a ledge of ore, the thick- 
ness of which is not shown. This ledge is only a few feet above a bed of lime- 
stone, which is exposed here. The ore is of a good quality, containing little or 
no siliceous matter. Some scattered chert lies within the area bearing ore 
and much chert and small blocks of sandstone are found on the knolls adjoining 
this divide. This deposit is located about one mile from the St. L., I. M. & 8. 
Railway. 

ALLEN BANK (M.). 
W. i, N. W. i, Sec. 4 t T. 24 N. t 6 K. 

This bank of ore lies along the western slope, some three hundred feet or 
more, and is perhaps fifty feet in width. It occurs in pieces of various sizes, 
but shows no solid moss. In quality it is porous and sandy, but not enough so 
as to render it worthless. 

BLUE SPRING BANK (M. ). 

S. E. J, 5. E. J, Sec. 26, T. 20 ^., 7 E. 

Here the ore is found iu large and small pieces, and in one place in a solid 
bed, overlying an outcrop of ten feet of Third Magnesian limestone, which 
shows at thirty feet above the bottom of the hill. The ore is in an outcrop 
about seventy-five feet along the slope, and thirty feet wide. It is quite sandy. 

GOVERNMENT LAND NO. 1 (L. ). 

S. E. J, S. E. i, Sec. 24, T. 25 X., 4 E. 

Here the limonite covers an area about thirty yards square, on a bench on 
the slope of a chert covered hill. The ore is but fair in quality, being slightly 
siliceous, silica occurring as chert. Within the area little eNe than the ore is 
seen, but on all sides are many chert fragments. The St. L., I. M. & S. Ry. Ik 
about thirteen miles from this deposit. 
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HBNDRICKSON (N. W. ) LAND (l«)* 
S4C 90, T. 96W.,3 JT. 

8eml-masslve and stalactltlc llmonite is found here In small masses tod 
boulders strewn over an area abiut seventy yards square on the slops of a 
knoll. The ore Is but slightly siliceous and the boulders axe mingled wits 
scattered fragments of chert and small blocks of sandstone, with no bedded 
rock exposed near by. This locality Is less than one half of a mile distant froa 
the St. L., I. M. & S. By. 

INDIAN GREEK BANK (M.). 

Jr. w» £» Stc* 3S, j • S3 xv»t 6 a. 

At this place the ore lies upon the top and down the slope of a low hill, not 
over fifty feet in height. Ore is spread thinly over an area perhaps one hun- 
dred and fifty feet in diameter. It occurs mostly in small pieces, nave at one 
place where there is an almost solid outcrop of perhaps twenty feet in diame- 
ter. The ore is of poor quality, being either cberty or porous, and full of sand. 

INDIAN FORD BANK NO- 1 (M.). 
Ji. ft, N. K. ft, Sec. 24, T. 26 N.,7 K. 

Here the ore Is found on a low hill 9 not above fifty feet high. The ore lies 
on the southeastern slope of the hill in an oblong mass (or rather two mssawi 
with a vacant space between them), about three hundred feet long and one 
hundred at its widest. It reaches about half way down the hill. The most of 
this ore outcrop is in large pieces, but In the center they He so closely con- 
nected as to seem an almost solid mass of broken ore. In quality ft is porous 
and cherty, rather than sandy. 

INDIAN FORD BANK NO. 2 (M.). 
N. E. i, Sec. 23, T. 30 N., 7 E. 

The principal mass of the limonite ore at this point lies on the southeast slope 
of a hill about one hundred and ten feet high. It shows at its thickest about 
ten feet below the top, although it is thinly scattered over the top and thick 
again at about the same level on the northwest. It reaches some thirty feet 
below the summit, extending down in a belt about einhty to one hundred feet 
wide. In its most promising outcrop it shows apparently solid but limited in 
extent, while the most of the ore is in large pieces. The quality of the ore is 
poor, being both cherty and sandy. 

INDIAN FORD BANK NO. 3 (M.). 
6'. ft, AT. W. i, Sec. 23, T. JG &., 7 E. 

The ore here occurs on the southeastern slope of a hill about thirty feet high. 
Near the top it shows an almost entirely coherent mass, seventy-five feet to one 
hundred feet long, and extends with this width down the slope, about one hun- 
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flows into the St. Francis river, Is a large amount of. ore lying scattered is 
large boulders, on both sides of the creek. The ore Is only mediam In qnafltf , 
being porous and sandy with small chert admixtures at some places. 

shrout's bank (m«). 
.v. k. i, y. e. ft, sec 16, t- *i jr., e jr. 

The ore here lie* In scattered lumps, for a distance of live hundred feet along 
the steep slope, and perhaps one hundred fett wide, while, at one place at the 
top of the hill, a solid outcrop Is seen showing six or seven feet In thickness of 
very cherty and siliceous limonite. The outcrop of solid ore does not show for 
any great length. There are in it occasional seams of better ore ranslif 
through the mass, but the best showed silica In coarse grains. The whole oat- 
crop Is extremely sandy, and the ore of the solid outcrop Is both sandy ami 
cherty. 

In the N. B. J-» of the S. K. |, of this same section, there is a smaller outcrop 
of ore in large and small pieces scattered over an area one hundred feet et>t 
and west, by one hundred and seventy-five feet north and south ; at some placet 
the mass seems to be solid. The ore Is porous, semi-concretionary and quite 
cherty. while many of the cavities of the concretions are filled with sand. 

8WATTLER BANK (M.). 
.V. E. i, .V. W. ft. Sec. £8 t T. 36 N. f 6 K. 

The limonite, in a belt about seventy-five to one hundred feet wide, lies along 
the ridge and down the point to the bottom, a distance of five hundred feet, on 
a low hill. Down the slope it is tn broken pieces, mostly of a large sire; bot 
higher up it lies in apparently a solid mass, which shows at one place ten feet 
thick. The solid outcrop is, however, of limited extent, and the great portion 
of the ore is broken. It is of medium quality, porous and sandy. 

KEPOHTEI) LOCALITIES. 

Mr. J. W. Clarkson reports the occurrence of limonite in the S. i, N. W. }; 
N. W. 4 S N. W. }: and in the N. W. V, 8. W. [, Sec. 1«, T. 26 N., 7 E. 



CAMDEN COUNTY. 

FURXAXCE RANK («.). 
Sec. i, T. 3i) X., 18 W. 

Limonite is found here, lying on the Irregular surface of the Third Magnesias 
limestone, which makes up the main body of the hill. The ore seems to form 
In some places a layer of irregular thickness on the limestone and to fill pock- 
ets and cavities in this rock. One of these cavities was found to be at least 
twelve feet deep. The openings show a considerable quantity of good limonite. 
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this vicinity show abundant trace* of scattered, small deposits of ore; bat oat 
of these indicate an extensive one. This deposit Is two or three miles froatht 
C. R. By. 

CARTER ( A. ) AND MI88OURI LUMBER AND MUAnG CO. LAND NO. 2 (L.) 

Center of N. W. §, 8ec J*. T. 20 JT., 1 K. 

On the property of Mr. Alex. Carter and of the Missouri Lumber and Mlahf 
Company. Limonlte occurs here on the foot of a gradual elope eoredsg e*gfrt 
or ten square yards. The ore is found In Irregularly shaped meases. Higter 
up the hill, on steeper slopes, and mingled with the meeeee of Iron ore, frag- 
ments of chert and small blocks of hard sandstone occur. The majority of the 
ore masses are of fair quality, others are siliceous, silica occurring as small 
chips of chert. This locality Is but little more than one mile from Chilton. 

i 

* 

MI88OURI LUMBER AND MINING COMPANY LAND NO. 3 (L.). 

S. |, 8. W. i, See. 12, T. 26N.,1 B. 

Limonite Is found here on the foot of a spur covering an area about flfteoi 
ysrds square. The ore occurs In the form of numerous rough masses. Some 
of these masses are but slightly siliceous, others are stronger and contain small 
chert fragments. Chert is found on the adjacent portions of his hill. Ton 
small deposit is about three-fourths of a mile from the Curreot River railway. 

MORELAtfD BANK (L ). 

N. E. |, N. B. J, See. 2$, T. 2 AT., 3 E. 

Limonite is found here covering an area about sixty \ yard i long and thirty 
yards wide. The ore occurs over a hill 8 1 ope of moderate Inclination io tbe 
form of large boulders aud small pieces and in what may prove to be a ledge. 
The ore is somewhat siliceous, silica appearing both as fine grains of san«J and 
as small chert fragments. Small masses of chert are on all sides of the exposed 
iron ore, but very little lies within the area. This deposit is about three miles 
distant from the St. L., C. G. & Ft. S. Ry. 



REPORTED LOCALITIES. 

Mr. F. Webb reports iron ore as occurring in S. E. |, Sec. 13, T. 26 N. I E., 
on the property of Mrs. Mary Kelley. 

Mr. Alex. Carter reports iron as occurring inS. E. J, 8. E. J, 8ec. 12, T. 26 N. 
1 E.; in S. W. J, S. W. $, Sec. 7, T. 26 N.,2 E., on the property of the Mi»*oori 
Lumber and Mining Company; in E. J, Sec. 17, T. 26 N., 2 E., <«n the land of 
Mr. Davis Smith; in E. J, Sec. 2, T. 27 N., 2 E., on the property of Patrick 
O'Reilly, and in S. E. \ t S. E. |, Sec. 31, 28 N., 2 W., on the property of Mr. M. 
Abbott. 
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associated rock. Limestone is exposed about two hundred yards away. This 
locality is about thirteen miles distant from the K. C, Ft. S. & M. Ry. 

REPORTED LOCALITIES. 

Mr. W. M. Briggs reports limonite as being found in the west side of Sec. 6, 
T. 26N., 11 W. 

Col. P. P. Dobozy reports limonite as occurring in Sec. 28, T. 26 N., 14 W. 

Mr. D. S. Wood reports limonite as found in E. 4, Sec. 34, T. 27 N., 12 W.; In 
Sec. 11, T. 2b N., 12 W.; in Sec. 3, T. 26 N., 12 W. 



FRANKLIN COUNTY. 

BOWLEN BANK (8.). 
N. W. i, See. o, T. 41 N. t 2 E. 

Here there is the following succession of rocks, beginning with the lowest: 
solid and uniform mass of pure, hard, chocolate brown limonite, porous; then 
clayish limonite, with irregular masses of yellow ocher, soft and friable; red 
loam, with green and gray broken chert; then sandstone colored and impregna- 
ted with oxides of iron, in disturbed and broken layers; then dry soil with some 
-chert. 

IRON HILL (8.)- 
Sec. 17, T. 42 N. t 1 K. 

What is known as the Iron Hill deposit seems to consist of numerous smaller 
-cracks and cavities on the surface of the Third Magnesian limestone, which 
cavities are in part or wholly filled with brown limonite and with yellow ocher. 
In the deepest of these cavities we find deposited a loose, coarse-grained and 
ferruginous, thinly stratified sandstone, which has afterwards been broken up 
again and partly destroyed. The point of the cavity is filled with white clay and 
with broken white chert. All the rest of tbe cavity is nearly filled with limonite, 
in irregular, botryoldal and stalactltic forms, mixed with yellow ocher and 
some chert. The lower part is mostly ocher; above are found pieces of heavy 
spar. The thickest and least porous forms of the limonite enclose sometimes 
a core of pyrites. 

STANTON HILL BANK (8.). 
S. W. \, N. E. i, Sec. 36, T. 41 N., 2 W. 

Here there is a circular depression of about fifty feet diameter, in a dark 
colored sandstone which crops oat all around, and toward the center grows very 
ferruginous, where it has almost the appearance of crystalline specular ore. 
The only pure ore found is a limonite. 
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WILDY'S (ISAAC) MINK (a. W. ). 1 
8. W. k, 8. W. i, 8*c 17, T. 42 IT., 1 S. 

Limonite is dog bere from open pits, three to ten feet deep. A number of < 
loads have been shipped to St. Louis. This Is said to contain S3 per cent or 
more of iron. A copy of analysis seen bj the writer showed 0.15 per cent of 
phosphorus. The deposit is located immediately adjacent to the St. Louis k 
8an FraDcisco Rj., on the north side, and about two miles east of Moselle. 
Another deposit is exposed In the railway cot, about two hundred yards east 
of Wlldy's, which shows very plainly the relation of the ore to the ™g-tfl*f 
limestones ; It occurs In a chimney or cavity In these rocks. Blocks of llmoaito 
are found strewn over the surface of many other localities of this neighbor- 
hood. 

HOWELL COUNTY. 

GODSET (D.) LAND (L.). 

8talactitlc or pipe ore is found here In fragments of various sixes, scattered 
over an area of several square yards. The ore occurs on the slope of a hill 
the surface of which shows many blocks of sandstone and some chert, Here a 
shallow bole has been dug and some pieces with a sandy clay were taken out. 

LABfONB MINE (N.). 

A full description of this mine and the occurrence of the ore will be found ia 
Chapter VII. 

REPORTED LOCALITIES. 

Capt. Jdo. Halstead reports the occurrence of iron in lot 7, S. W. £, Sec. 7, 
T. 21 N., 10 W., known as the Smith, Tyree and Howard deposit. 



IRON COUNTY. 

REPORTED LOCALITIES (N.). 

Mr. A. II. Eaton reports the occurrence of limonite In Sec. 84, T. Si N., 1 W\, 
and in Sec. 27, T. 85 N., 1 E. 

MADISON COUNTY. 

FORD BANK (8.). 
T. 33 N. t 7 R, 

One-half mile from Cornwall station, on the Belmont Branch of the 8t. L., 
I. M. A S. Ry., is what is known as the Ford limonite hank. The ore-indica- 

1 From notes of Arthur Winslow, State Geologist. 



OREGON COUNTY. 

BOYD (T. J.) LAND (L.). 

.v. w. i, a t . ir. i. ste. jo, t. sa y., s r, 
Limouilc it found here covering an area nearly two acres in extent, on a mod 
erate elope. It first appears near the lowest portion of a spar and continues 
up the slope. On the surface here, ore wai found In the form of boulders and 
smaller frugmeuts. Tills surface ore was shipped Ave or six years ago. Two 
exi'uvatioiiH have been made a few yards apm near the center of the area. 
One of these is abuut ten feet in length, six feet in width and nine feet deep; 
the other Is not so deep, but Is longer. From both a considerable amount of 
ore was removed. The ore In these cuts »>< fuund occurring with red clay. 
It Is of a fair quality. It coutalus soft ocuerous particles but Is only very 
slightly siliceous. There are fragments of white chert on this range of hille 
and, here and there, are found traces of scattered ore. This locality Is located 
less than two miles distant from the K. C, Ft. S. £ M. liy. 
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HA1NS (J. N.) BANK (N.). 
Sec. 34 , T. 24 N., 4 W. 

For description of this bank, see Chapter VII, 

1 MT. NEBO ORE (N.). 
Sec. 8 t T. 23 N. t 3 W. 

For a description of the two occurrences of limonite on Mt. Nebo, see Chap- 
ter VII. 

MURKAY LAND (L.). 
N. E. i, S. W. J. Sec 33, T. 22 X., a W. 

Liraonite is found here. There is but little surface ore shown and much 
chert. A shaft was sunk, by Mr. T. J. Boyd, to a depth of eighteen feet. The 
upper ten feet is made up of a dark red clay, portions of which is cherty and 
to this depth but few pieces of ore were discovered. The lower eight 
feet is principally iron ore intermixed with a small amount of red clay. Mr. 
Boyd reports the bottom of the shaft as being an almost solid bed of iron ore. 
Many of the masses of ore are coated with small and large crystals of limonlte* 
pseudomorpbous after pyrite, and the surfaces of some of the masses are ribbed 
with veins of ore, in relief, which once filled crevices in the adjacent wall-rock. 
The ore is of a good quality. Some yellow ocherous matter occurs with the 
ore. This deposit is situated less than one mile from the K. C., Ft. S. & M. 
Rv. at Thayer. 

OLD (J. B.) BANK (N.). 
Four miles northwest of Thomasrille. 
For a description of this bank, see Chapter VII. 

RAOAN (T. B.) LAND (L.). 
A'. K. J, A*. W. 1, Sec. 33, T. 22 AT., o W. 

Here, on the slope and cap of a spur, limonite is found covering an area 
seventy yards long and thirty yards wide. The ore occurs in the form of small 
and large masses and the entire area is almost completely covered with such. 
Chert fragments are found on adjacent sections of the hill. It is not a siliceous 
ore, but these masses contain softer, lighter-colored ocherous particles. This 
depot-tit is about one mile from the K. C, Ft. S. & M. Ry. 



REPORTED LOCALITIES. 

Mr. T. J. Boyd, of Thayer, reports the occurrence of limonite iu Sec. 17, T. 
28 N., 3 W., and in Sec. 2, T. 22 N., 3 W. 
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OZARK COUNTY. 

COBB (H. C.) LAND (L.). 
». W. i, 8ee. 28, T. 28 N, IS IT. 

This deposit of limonile U found on the slope of a low hill and la a small 
ravine. The ore Is in the form of rough boulder-llke masses and fragments, 
Such ore-masses are found covering an area nearly an acre In extent. With- 
in this area and on adjoining portions of this slope, chert fragments occur. 
The general quality of the ore is good, though a few of the fragments show 
some chert particles. This is about thirty miles distant from the Gulf fifr. 

COLLINS (LOWELL) LAND (L.). 
St, 80, T. 24 JT., 12 W. 

Llmonite occurs here on the slope of a hill In the form of a few scattered 
boulders on the surface. Within this area a hole two feet deep was dug, from 
which lumps of ore were removed, and at the bottom an almost solid dVposit 
was exposed. The ore in the pit is of the species Hmonlte and tnrglte. 8ome 
chert fragments are disseminated with the surface ore. This deposit is about 
the same distance as the last from the same railroad. 

JAMES (WX.) LAND (L.). 
S4Ct.27mnd84,T.24N. t 11 W. 

Limonlte occurs in several localities in these sections, extending over three 
hundred and twenty acres. The extent of the individual deposits varies from 
one-fourth of au acre to more than an acre. These deposits are usually on the 
gradual slopes though some do occur on steeper slopes. At one place scattered 
fragments are seen which extend from the gradual slope at the base nearly to 
the point of the spur. The ore is non-siliceous and the fragments are mingled 
with loose chert. Tois locality is about twenty-five miles from West Plains. 

LAMB (JOHN) LAND (L.). 
S*o. io, T. 23 X., 12 W. 

Limonlte is found here on a moderate slope, covering an area one hundred 
and twenty-flve yards long and thirty yards wide. The upper limit is quite 
near the summit of the hill. The portion of the area nearest the summit of the 
hill is made up almost wholly of small boulders and fragments. The remain- 
ing portions contain chert fragments and blocks mingled with small pieces 
of ore. The quality of the ore is fair, most of the ore being non-siliceous or 
nearly so. This locality is nearly thirty miles from the K. C. Ft. 8. 6 M. By. 

1.1'NA (RICHARD) LAND (L. ). 
S*.\ 21. T.24 *V.. 12 W. 

A limonlte bank occurs here on a very gradual slope, in the form of scattered 
fragments and boulders covering au acre or more. It is a fair quality of ore* 



\ 



252 IRON ORES OF MISSOURI. 

boulders occur mingled with and above the ore boulder*. This locality Is aboat 
thirty- Ave miles distant from the K. C, Ft. 8. ft M. By. 

OWKNH (JOSEPH) LAND (L.). 

S€C. ft, T. 23 H. % 11 W. 

Here, ou the southern slope of a broad hill, Umonlte occurs in fragments aid 
small boulders, covering an area an acre or more In extent. It is non-sUfceotj 
and heavy. Some pieces of chert are found within this area and on the adja- 
cent portions of the hill. This locality Is about thirty-four miles distant fro* 
the K. C., Ft. 8. * M. R. R. 

PKTECOCK LAND (L.)- 
N. ir. *, Sic. 30, T. 24 .V., 12 W. 

Llmonite occurs here In two localities on the point of one and near the poiat 
o! another short hill. These localities are only a few yards across, about oae- 
elghth of a mile apart and separated only by a slight depression. It Is reported 
that fragments of ore could be seen in the now cultivated Held between the two 
areas. The ore In the eastern area Is somewhat siliceous, more so than that ia 
the western area. These localities are about twenty-live miles from the K. C, 
Ft. S. a M. Ry. 

PRATT ( WALLACE ) LAND (L. ). 
S*c. I", T. 24 .V.. J J IT. 

Only a low fragments and boulders of Umonlte are found here on a gradual 
hill slope. Some excavating has been done and a deposit of Iron was met with 
at a depth of from four to nine feet under the surface. The surface material, 
such as elay. chert aud noil, ha* been removed from over the ore and nss ex- 
posed the deposit, which >hows an almost solid body for ten yards or more. 
No work. has Nh u done to prove the thickness of the deposit, but several slab of 
ore which were :akcu out show the thicknesses of the individual layers to 
nu-£v from ihrve to >i\ ::xhf>. Other, more massive pieces were also obtained. 
The general ;uass ^:\o«- little or no silic* and, oa the whole, the ore is of very 
fair quality. TV* tc;ms;: > a^ou? :wrnty-*ix mile* from the K. C, Ft. S. A 
M. K>. 

vH HI Vl>SOl Kl l. \>l> iVMPWY LAND XO. 1 lL). 

Here we % .a*c ?m: ^ i-' -i-irtaoe ;a>i:ca:.cas ot iron ore. in the form of small 
!r*£owj:s *ca:s*Ted .»*er :"ie .groan*!. Two shafts «ven feet deep were suck 
a>o«5 one-ia'f A a v. ■. a-virs *a a -*:iHT it: ; 4 *p .jf & ridge, next to Big North 
¥\\rk or Wi.:e - ^:. 

la *!ic ■„ , i*,i 1 , * , .vBo.'»: -o..t^. •» K-re :a.y filers :.;:?* and soil might be seen oa 

m ..\< >!i:tixV» vua * x* ;. *e ■>. *: ^oo«i .•« were a«?t with from sear the top to the 

x»tso:ii 1**3 s -OA" **« ucar ie ?r.i< ?t :ae i 11. X* the other shaft, sixteen 

av\Vs oi so,: a -j -J j a. **-* v^^*^ rlroiish. saea ciay was penetrated contain* 

** ore v»a.si^rx >j. i a>» *vw 'oatKl :i :ae fonivr shaft. The ore Is aoa-«i:±- 

^e\Hi.< r^e^.' vU/.^ *rv *JS'«t aee-fourta u a n.le from a spar, whose bias?- 
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like side next to the Big North Fork of the White river, shows stratified lime- 
stone and sandstone. This locality Is thirty miles or so from the, K. C., Ft. S. & 
M. Ry. 

SOUTH MISSOURI LAND COMPANY LAND NO. 2 (L.). 

Sec. 34, T.24N.,U W. 

Limonite is shown here, on the surface, in a few small fragment*. Four hole* 
have been dug. One is on the point of the hill, another about one hundred 
yards northwards on the slope, another two hundred yards further northward 
and one more about the same distance in the same direction. The depths of 
these holes range from four to ten feet and, in each, a solid body of limonite 
was struck just beneath a deposit of rather fair, broken ore, cementing angular 
fragments of hard and decomposed chert. Underneath this deposit the ore 
proves to be more free from insoluble material. Scattered chert fragments are 
seen on the surface. This deposit is about thirty-miles from the K. C, Ft. S. 
4 M. Ry. 

TANNER LAND (L.). 
Sec.3t f T.24 N. % 12 W. 

Limonite occurs here in widely scattered fragments and boulders on a steep 
slope covering an area seventy- five yards long and about ten yards wide. The 
quality of the ore is very fair. Much chert, in fragments and In larger rough 
masses, Is found within the area and over the hill. This locality is about 
twenty eight miles distant from the K. C, Ft. S. & M. Ry. 

WARREN (JUDGE PINKNEY) LAND (L.). 
See. SO, T. 24 N. t 12 W. 

Limonite is found here again in the form of large and small fragments in 
scattered deposits over four or five acres, usually on the slope. The quality of 
the ore is good. The fragments of ore are mingled with fragments of white 
chert. The surface exposure in one of the deposit within this large area is 
more than one acre In extent. This deposit is between thirty and thirty-five 
miles distant from the K. C, Ft. S. & M. Ry. 

WKlXS LAND (L.). 
See. o, T. 28 N. % 11 W. 

Massive limonite is found here on a cherty slope in the shape of large bould- 
ers and chips, covering an area twenty yards long and fifteen yards wide. The 
ore Is hard and quite or nearly as pure. This locality is about thirty-three miles 
from the K. C., Ft. S. & M. Ry. 

REPORTED LOCALITIES. 

Col. P. P. Dobozy, of Dora, Mo., reports iron ore as occurring in the follow- 
ing localities: Sec. 2, T. 23 N., 14 W.; Sees. 3, 4 and 7, T. 23 N., IS W.; Sees. 
26 and 35, T. 24 N., 18 W. ; Sees. 12, 32, 33, and 35, T. 24 N., II W.; N. }, Sec 
8, T. 22 N., 12 W.; Sec. 2, T. 22 N., 18 W.; Sees. 16 and 17, T. 22 N., 11 W., 
and several deposits In T. 28 N., 14 W., sections unknown. 
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REYNOLDS COUNTY. 

LE8TERVILLE BANK (L.). 

N. S. J, S«c. 8, T. 32 N. t 2 W. 

About one mile north of Lesterville, on the sharp crest and moderately ctee? 
*)o|H» of the point of a hill, boulders and irregularly shaped manses of limonKt 
occur over an area of, perhaps, one acre in extent. These masses of ore an 
quite numerous and are found with fragments of chert. It occurs In the fora 
of pipe-on* and possesses a very good quality. 

REPORTED LOCALITY. 

Judse A. J. Parks reports the occurrence of a deposit of pipe-ore in the 5. 
W. I, Sec. S, T. MS., 2 E. 



RIPLEY COUNTY. 

MiKKl LTfRAL COLLEGE LAND XO. 2 (L. ). 

.V. m*t a/ S*r. 19, T. 22 JT.. J E. 

l.:momte her* covers a sd&aH area near the higher position of a flat-topped 
nut U vxvur> in ire tv*rai of fra^aents aad also ceaeaUn* small pieces of 
* :• it o!u r: ; .1 i\>aui;i» £%-e grains of s^Itca. Tais deposit is about six au.es 
frv>ua lV>si!,* s .aa. 

y x \V:: :. >. L\M^ L. . 
* v i > . :.■ r -.- > . - i 
\L\*>* \* > ,-. . x :; :c i"> i-r= i* n< >i-~ i cf \±+ i: :. :xeris 

x . > *.  - •; ^-k :> . * >t: : >- *:•:* :d*r -_za2 ::t.-. :-. i.ir^ 

% . V- : % * .-" -• .: .*. V.- "5 • ■£;• : »i:> * >x.xi_^i_r ;«*;•;»:; i- vi* 5 

> »* >^, I; V ; n : :' x, ...:..• ..I 1^ K-*;. lI.LT 2 

\ v^v ■. ^ ;:■.:.: :^ ; jz. %■ snw. curi iissar lie *-ittti : U 

x »».x - v x-..^ *,;.. ,i\, — :^ fcx £•"-*. -I> *t -aO.*:. 5c i- iT^ri ZlnT: 

' " x v » : - >.:..:' :^.: a .:> t .>xii.i. r*.ox "ins "nt..T.i;n 2^ 
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fragment* of ore mingled with much chert are seen on the surface around the 
ore area, with limestone exposed Just a few feet lower on the hill. 

GOVERNMENT LAND NO. 3 (i*.)* 

Sec.7.T.22K. % 2E. 

Llmonlte is found here covering an area about one hundred and ten yards 
long and from fifteen to forty yards wide. It occurs on a long, narrow, km 
spur. The lower half of this area is composed almost entirely of this ore, the 
upper half contains some fragments of chert. Higher on the hill chert and ao 
ore Is found. The ore occurs in the form of Irregularly shaped mioson sad 
fragments of stalactltic and massive types. It Is of a very good quality sad 
only a few masses contain small fragments of chert. On another spur of this 
hill, and about one hundred and fifty yards northwest of the last deposit, there 
is an area fifteen yards square which is probably an extension of the last, 
as the ore is similar and occurs similarly. This deposit Is on the land of 
Mr. Joseph Jaco. Again two hundred yards west, near the base of yet another 
spur from this same hill, also on Mr. Jaco's land, several large boulders and 
blocks of semi-massive and stalactltic llmonlte are found, covering perhaps, 
twenty yards square. There Is little doubt but that this last deposit belongs to 
or is connected with the two deposits Just described. Across the branch from 
these, small fragments of good brown ore mixed with much chert are found. 
The slopes of the hill in each of these cases sire very gradual. 

GOVERNMENT LAND NO. 4 (L.). - 

Sec. J, T. 28 JT. f 1 W. 

Limonite occurs in the form of fragments scattered over several square 
yards near the summit of a hill. The surface fragments are mingled with 
chert. A shallow hole has been dug and many large and small pieces of ore, 
stalactitic in form, and of good quality were taken -out. Limestone is exposed 
at a divide a short distance westward from the ore deposit. This locality is 
about eighteen miles from Doniphan. 

HERR (C. B.) LAND (L.). 

A", i, Sec. 24, T. 22 N., 2 E. 

Limonite is found here in scattered boulders over a number of acres. A few 
boulders and small fragments of chert are found within this area but no bed- 
ded rock is exposed. This locality is Ave miles distant from the Doniphan 
Branch Ry. The summits of the hills in this neighborhood are broad and in 
many localities numerous pebbles are found mingled with large chert fragments. 

KINO (E. M.) LAND (L.). 
a\ W. i, Sec. 24, T. 22 If., 2 E. 

Limonite occurs in several localities covering small areas, on this hill. It is 
found in irregular masses and small fragments. It is somewhat siliceous, 



258 IRON ORB8 OF MISSOURI. 

ODOM (MRS.) LAND AND THE MISSOURI LUMBER AND MINING COX- 
PANT LAND NO. 5 (L.). 
S4C. 31, r. 26 jr., 2 K. 



Here, scattered deposits of limonlte occor over twenty acres. The mode of 
occurrence and the character of the ore varies to a certain degree ia tae dif- 
ferent localities. At one place, on a gradual slope, we have light-brown, atnt 
limonlte fragments and small rough masses of the same with but little rock of 
any kind. This ore is quite siliceous. At another locality 9 on the top of tab 
hill, and about one hundred yards from the first deposit, huge masses and frag- 
ments of ore hare been exposed and appear to be parts of a more or leas con- 
tinuous reef-like mass. Within this area, which la quite large, nothing bat 
ore may be seen. On the slope, about forty yards across a, ravine, there is 
another, smaller but otherwise similar, deposit. These two heavy deposit*, 
together with the surface fragments surrounding them, cover at least an acre. 
The ore is not heavy nor firm and contains a considerable percentage of silica, 
both as chert fragments and as grains of sand. This locality Is about live miles 
distant from Grandln, the terminus of the Current River Ry- 

POXDER (A. J.) LAND (L.). 
Sac.:**, T.2S X.,*E. 

Limoniu? occurs here on different portions of the hUL The principal area is 
near the foot, at the roadside. Here several huge, massi ve sad staJactiUc on 
boulders are exposed. The quality of the greater portfosi of the ore is good 
but particles of chert are contained In some of the bowlders. This is only 
iNr.n two hundivd yar is from the Doniphan depot- 

POX PER [ D. K. I LAND ( L. ). 

* .»-. i, >a\ . ■• -. r. i-.*. .v.. r r. 

L::v;or.::e :s fv us.! -*ri ^■.■rt-r.r.s an area of from twenty to thirty s-qoare 
yards. Tht or? :s >:**.:».::;.,. i- form. &d4 ihe deposit forms a slight rise on 
;;.e >".opr. Tit- ^re > r «>n-s:".::«us aad is in the form of large and small 
3i*s<->. 7 r..s» *.x\*.*..:y :> o^'.j s ft-w LuiiJirfd yards from the T>oniphan Branch 

Kiri.F.Y OTNTY LAND i L. ). 

^i.- : . r. :; .v : r.. 

.> f;j.. i.r-: .cwr.Lp a- *rta a^ost thirty yards lone and t*c 
yi: ■* n;- ltl 7:.-. :r* .s .:- *.:.. fj-rrs c! r.^zct xttiders which mut np ihe scr- 
!*:** :■;*.:■. s u:i-:r: :v::.:: I::-. ;:■: .! *.:jt hlrh iiil. Il is quite silict-ous 
si.. . ;'.-: .rr :r :-.:.: ;-v i i *-- i:rzr. :i cra.ns M sand. Tears aco dissios 
•*.'*> rr-. «.:: ::. > *rii r : :.:*:.• ;! ;.:.* . rt wls trer nrJized. So rot cLcrt 
:rii:--. ii* **■" :": . l ~ .■•-.- :. . : : : r-. :. . a: ;'. rw-r^i}t* ar* seen on the northern 
*..:•? *.r . :-t *.? .'. ..-.:*: :  .> -.y.v»><- t:ar ;.i»i ha« o* tb* hi" I. This deport 



: - — . 



See. 27, T. 3D K., 24 W. 
Tills hank of limonitc Is upon the northwestern slope of & hill into which t 
shaft has been sunk to u depth of seventy-two feet. The shaft Is la whitish 
limestone and follow* a crevice which la filled with soft, earthy Ilmonite. At 
the mouth of the shaft, stratified ore appears several feet In thickness, and 
above this an outcrop of ferruginous sandstone. 

UKKKNWBM BANK (S.). 

Sec. J.!, T. 39 If., 3S W. 

The ore occurs scattered over an area seventy feet long and forty feet wide 

on the slope of a low, flat hill. This bill Is covered with chert and large, 

boulders of crystalline, gray limestone; part of the ore Is hard and solid, and 

part Ib argillaceous. 

SHELDON BANK (S.j. 
Ste. S, T..181f.,aj If. 

Llmouitc Is found here in the form of boulders and fragments. On the 
lower part of the slope the ore is solid Ilmonite, somewhat argillaceous ami 
ochery and Inclined to stalnctltlc forms. Higher up the hill it becomes more 
sand;. 



contain both chert f ragments and grains of sand. The ore is somewhat porous 
and spongy. Small pieces of white chert and 4 few sandstone blocks are 
mingled with the fragments of ore, and about two hundred, yards distant a 
sandstone bed Is found. This Is the nearest exposed bedded rock. This de- 
posit Is situated next to Sycamore branch of Pike creek, about two miles from 
the C. li. Ry. 

TRll'P (G. W.) LAND (L,)' 
tf. K. J, S. E. J, Stc. 31, T. MO X., 3 ir. 
Llmonlte is found here along the steep southern slope of a limestone hill, 
with much exposed limestone appearing in places, about Otty feet lower than 
the summit. The ore occurs In pieces weighing from a few ounces to flftr 
pounds as pseudomorphs and also as stalactltlc and massive ore. It Is of a 
good quality and bears no visible impurities. 

REPORTED LOCALITIES. 

Mr. J. li, Keaser reports a small deposit Of ore, occurring In S. W. i, Sec. 
14, T. lit; N., 5 W., about two hundred yards to the southeast, and another 
larger one near the center of Section 23, of the same township and range. ' ^ 

Mr. W. S. Chilton reports pipe and pseudomorphous ore as occurring in two 



tiOVERXXKXT LAND SO. b" (L. ). 

r. i, i.* 3. s. w. \. s«. €, t. t* jr., * W. 

On Ibe side of  hill limonite is loo ml coreriag half of an mere and within 
this area little but ore is seen. It is somewhat siliceous, bearing silica as Sot 
grain* of siad. Id addition to being: siliceous it is Mt cow pact and bard 
but contains soft ocberons material. Saadstnoe ta Mocks Is the principal 
rock associated with the ore, bat no Irdse is ancorered. This locality is 
about tneln miles from lie K. C-. FT- S- * M. By. 

>M VLLEV (H. EI.) LAND ( L.). 
SK.J1, T ;--»■, 11 T. 

Limooi;* ocean here Bear the fool of a rather steep slope, as .scattered 
boulders, orer abt>c: half as acre. It is a siliceous ore eoataiatas both chert 
and {runs of sand. Xach ehers is found in tie (ore of kuie t rf M f tS and 
saarp srwel oa tie s;.-pe lijaoent so tie are* showiaz ore. 



S. jr. i. Sec. is, t. as */., e e. 
Llmontte Is exposed here over an area thirty yards long and forty yards wide. 
Within this area little else than Iron ore Is to be seen. The ore occurs in frag- 
ments and boulders at the foot ol the hill. The greater portion is siliceous, 
containing silica both In the form of small fragments of chert and grains of 
sand, yet some specimens contain only a small per cent, of silica. About 
one hundred yards east of this deposit there Is a deposit of similar 
ore. This area Is only about twenty yards square. Again, about three 
hundred yards east, on the same range of hills, a heavy bed of llmonlte makes 
up the entire cap of the hill, the exposure being several yards in diameter. 
Here, again, large boulders and fragments occur, and the ore is quite siliceous. 
This deposit is seventy-five or one hundred feet higher than either of the other 
deposits just described. In each case white chert Is the only associated surface 
rock. These localities are about five miles from the Wllllamsvllle, Greenville 
and Northern By. 

BURDINAUX (WILLIAM) LAND (L.). 

JV. E. L If. E. i. Sec. SO, T. 27 #., C f. 

Limonlte boulders aud fragments occur here over an area about seventy- 
five yards long and thirty yards wide. It occurs from the branch at the fool of 



of slightly better quality ; mod, again about the same distance north, on a lower 
summit than the first, is still another area of > somewhat superior quality of 
ore. This area extends aboot one-hundred yards northward, to the north side 
of Sec. 25, and continues aboot seventy yards down a moderate slope is Sec. 
24. litre again chert Is the only associated rock. The chert occurs on the 
surface in the form of small chips and boulders. 

HAYX1E (S. C.) LAND (L.). 
.<. tr. JS«*. 17, T. S7 .V„f£ 
Here several largo boulders of llmonlle are strewn promlscnooslr over the 
face of a rather steep hill, on the surface of which are also found scattered 
boulders and pieces of chert. No bedded rock is exposed. The ore is quite 
compact, and, but for the small angular fragments of white chert which are ce- 
mented by the ore, contains but a small percentage of silken. This small deposit 
is located but a short distance from the W.. G. S X. By. 

IIAYME HOLLOW BANK ( L- ). 

Massive limonite occurs here about half way np the slope of n moderately 
steep hill. It is found as boulders, and, in one locality, as what appears to 



S. IF. i. .V. }, S. £■. jo/S«. !, and lol I, -V. B. J, S«. -«, 7". 37 tf„ 6 E. 

Along the top of the range of hills just north of Otter creek there are 
small outcrops of ore In scattered boulders, but Ihe largest are situated In tie 
N. E. J, Sec. 4. Here, upon tbe southern slope of the bill, near the summit, 
the ore covers an area about two hundred feet along the slope, and sixty to 
seventy-five feet wide. Over the crown of the hill, on the northern slope,* 
small amount of ore Is seen. The ore Is mostly In quite small pieces, and ol 
poor quality, being sandy and cherty. Upon the S. W. J, Sec. 3, lying low 
on the hill there Is a small outcrop of very good stalactitic ore. It ia In small 

OZARK LAND COMPANY LAND (L.). 
Stc.n,T.S7\., G E. 

Two or three small exposures of llraomte are found here. The surface ore 
Is In the form of small fragments and boulders. Tbe fragments are very fair 
In quality hut the boulders are quite siliceous, silica occurring as sand and 
small chert fragments. 

These deposits are about one-half of a mile distant from the St. L., C. U. * 
Ft. S. By. 
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PETTIT BANK (M. ). 

S. E. i, Sec. 19, T. 27 N. t 7 E. 

The ore here occurs in two principal outcrops upon the eastern side of a high 
hill, quite near the top. The southern outcrop shows one mass that appears 
nearly solid and a large amount broken and scattered down the hill over an 
irregular area, perhaps one hundred and twenty-five in diameter. The north- 
ern outcrop is about two hundred and fifty feet distant, at about the same 
height, and is smaller but more solid. Some of the ore in the first outcrop is 
pure and dense, some stalactltic, some very sandy and some cherty. In the 
northern locality it is porous, sandy and cherty. 

RAILROAD BANK (L.). 
S. E. J, Sec. 8, T. 27 K. t 6 E. 

Llmonite, in the form of fragments, occurs here at the railroad cut near the 
top of the hill, in the form of small fragments and larger pieces. It covers 
several square yards but nothing in the cut indicates an extensive deposit, as 
no ore and only chert and yellow sandy clay are to be seen. 8ome chert lies 
on the hill around the area containing ore. It is only slightly siliceous. 

REE8E CREEK BANK (M.). 
Sec. 6, T. 28 A r ., 6 E. 

The ore of this bank shows itself in a zone one hundred feet wide and three 
hundred feet long, lying across the top of a very high hill or ridge. The 
largest amount occurs almost at the top of the ridge, where it is in 
large boulders three feet or more in diameter, but there is no solid mass or 
dense outcrop appearing nearly solid. The ore Is mostly dense, close-grained 
and of fair quality, although, at places, it is both siliceous and cherty. Some 
specimens give a reddish streak. Towards the edge of the outcrop it grows 
more cherty. 

RUBOTTOM (L.) LAND (L.). 

Sec. 10, T. 28 \. t 5 E. 

Here a few small masses of liroonite are found mingled with many fragments 
of white chert. The ore is of a good quality, is pseud omorphous, probably 
after pyrite, and has resinous lustre. No bedded rock near. 

811 AW ( DAVID ) LAND (L.). 
W. k, Lot 1, S. E. i, Sec. 6, T. 27 N., 7 E. 

A few, slightly cherty and noo-sillceous irregularly- shaped masses of hard 
liraonite occur here on the gentle slope. No rock except scattered fragments 
of chert can be seen in this locality. 
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CHAPTER XI. 

THE RED HEMATITES. 
CALLAWAY COUNTY. 

DUNN (RICHARD) BANK (8.). 
Sec. 21, T. 46 N., 10 W. 

Strata of red hematite are perceptible three miles north of New Bloom field, 
on the road to Fulton. The ore crops out in the road for a distance of about 
twelve feet down the slope. Sandstone is seen above and below the ore. One 
quarter of a mile west, on the same slope and level, stratified ore has been 
found Immediately below the soil. 

, DUNN (RAPH) BANK (N.). 
Sec. 32, T. 40 N. t 10 W. 

For a description of this deposit, see Chapter IV, of this report. 

HENDERSON BANK (S.). 
.Sec. 12, T. 46 N.,11 W. 

Here numerous and rounded surface ore is seen in several places on the 
two hills, west of the road; loose surface ore along the road on the northern 
slope of the eastern hill; a small and indistinct outcrop of stratified ore at the 
foot of this hill, near the ravine, and finally loose surface ore in the ravine. 
The two western hills are composed of Encrinital limestone which is laid bare 
In several places and seems to reach the summits. Loose ore has been 
ploughed up on the plateau on the northern hill. The ore is dark red, fine 
(Trained hematite in thin layers, and is associated with layers of chert. The 
exposure extends over a few feet only. 

KNIGHT BANK' (8.). 

Sec. 2, T. 40 y., 10 w. 

Here a fine outcrop of dense and fine grained hematite is seen on the eastern 
j-lope of a low hill. The ore is more than two feet thick. It can be seen in 
only two places, about twenty feet apart. Due east of this bill, small and 
large pieces and plates of ore are found loose in the bed of Middle Auxvasse 
creek. On the low hill just south of the hill, on which ore was just described as 
occurring, outcrops of ferruginous sandstone overlaid by thin seams of red ore 
are noticed. These outcrops are on both the northern and southern slopes. 



below the regular ore-bed. This shaft went eight feet through sand and brakes 
ore and chert. Under tbe regular ore bed there is conglomerate of chert ind 

sandstone, sandstone ami llmestoDc; above it occurs chert «nd soil. 



HENRY COUNTY. 

BROWN BANK (S. ). 

This bank la situated on tbe dividing ridge between Osage and Grand riven. 
Red, earthy hematite, partlj changed Into brow* and yellow liuaonite, is found 
on the surface here over a very large area, associated with ferruginous sa»d- 

OTHEB DEPOSITS. 

For a description of deposits at other localities ia Henry coontv, see Chapter 
IV, of this report. 
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ST. CLAIR COUNTY. 

COLLINS BANK (8.). 
Sec. 23, T. 39 N., 26 W. 

An outcrop of red, earthy hematite, portions of which are somewhat argil- 
laceous, extends over a distance of two hundred feet, along the ravine at the 
foot of a steep slope, on which no rocks are perceptible, except broken chert 
above the soil. 

GROVER BANK (8.). 

Sec. 16, T. 39 N. t 24 W. 

Large and small fragments of ferruginous sandstone, frequently very rich in 
iron, together with some brown and red hematite, are spread over a zone seve- 
ral hundred feet wide, and about one fourth of a mile long across a limestone 
ridge. 

MARMADUKE BANK (8.). 

.Sec. 23, T. 39 N. 26 W. 

Fragments of earthly, red hematite partly altered into yellowish brown, 
porous limonite, are found on the surface on the summit of the ridge, over an 
area measuring six hundred feet across, and four hundred feet along the ridge. 
Some of the ore is sandy and passes into a regular ferruginous sandstone In 
places. Most of the ore is good and the fragments large and sharp-edged. 



OTHER COUNTIES. 

For a notice of occurrences of red hematite iu Monroe, Lincoln, Cooper, 
Saline and Benton counties, see Chapter IV, of this report. 



^o* 



\jfy\ 



Bessemer steel, as it is perfectly passible that a sample from out 
part of a deposit may he low in phosphorus, while another from 
a few yards off may be high. The average contents of a deposit 
in phosphorus can only be determined by carefully prospecting 
and stripping the ore and making numerous analyses, all of which 
have been beyond the means and the time of the Survey. The 
low phosphorus, therefore, in some of the analyses, can be 
regarded only as a valuable indication and not necessarily conclu- 
sive as to the quality of the whole deposit. 

The sulphur is not excessively high in any of the samples 
analyzed. 

Considering all the constituents of the ores, it may be said 
that samples 1, 2, 3, 11, 12 and 15 are good ores, while the rest 
of the samples represent ores more or less injured or even ruined 

Annual Report of the Geological Survey of Arkansas lor 1890, Vol. I, pp. 
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by the low percentage of iron or by excessive quantities of 
impurities. 

The ores vary much in physical character. In color they range 
from light yellow to chocolate brown, or even almost black, and 
are often coated with a glossy black film. They often contain 
considerable quantities of sand which can be seen in grains scat- 
tered through the mass ; and in the more siliceous varieties the p ^tertJttc^of 
sand increases in quantity until the ores merge into a ferruginous ' eore * 
sandstone. Between the pure ore and the ferruginous sandstone 
there are all degrees of admixture. ' Sometimes the ore is mas- 
sive and solid, at other tiraas porous and honey-combed, while 
not infrequently it occurs as geodes, commonly called " iron 
pots," from an inch to a foot or more in diameter. Elsewhere 
the ore occurs as the cement of the brecciated chert. 
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LAWRENCE COUNTY. 

1 
2 

J.S.K.J 

4 Ca*ort tract. 16 N.,2 W., Sec. 6,N.W. J. 8. W.J . . . 
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SHARP COUNTY. 
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11 iColllns tract, 16 N.,4 W., 8ec. 8. S. W. J 

12 Wasaon tract, No. 2, 16 N., 4 W., Sec. 13, E. 1, 

8. E J 

13 Big Creek and Reed's Creek divide. 16 N., 4 W., 

Sec. 36, N. ft 



FULTON COUNTY. 

14 Deadrick tract, 20 N., 6 W., Sec. 1. 
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RANDOLPH COUNTY. 



15 Near Ravenden Springs 

16 Odoni tract, 18 N., 1 W., Sec. 18, N. K. J, N. E J 

17 Iron Bank, 21 N., 3 W., Sec. 8, N. E.J, «. W.J... 



44 97 21 40 031 0.109 



50 49 

44 44 1183 

49 97 14.53 



12 60, 0.041, 102 Little. I 
021 157 " i 
014 082 Trace. 



** 



it 
«« 



44 



4* 



I. 
• t 

<( 



Analyses. 



286 IRON ORE8 OF MISSOURI. 



THE MODE OF OCCURRENCE OF THE ORES. 

The general character of tho region in which the iron ores of 
northeastern Arkansas occur, is that of a rolling country with 
hills and ridges rising from one to over three hundred feet shore 
the surrounding drainage, and separated by flat river and creek 
bottoms. The hills and ridges often rise abruptly from thelow- 

• of tbe lands and the ridges follow a circuitous course for many miles 
across the country. Such ridges are well seen between tbe 
Spring and Eleven Points rivers in Randolph county, between 
Big Creek and Reed's Creek in Sharp county, and else- 
where 1 . 

The iron ore usually occurs on or near the tops of the hills 
and ridges, though more rarely it is lower down on the slopes. 
The lower parts of the hills and ridges are composed of a blue 
limestone which underlies the larger portion of the low country 
and is the predominating rock of the region. This bed and also 
the other rocks of the region are practically horizontal, though 
they sometimes dip gently to the south. A thickness of lime- 
stone over 200 feet is often exposed on the slopes of the bilk, 
and as it still underlies the lowlands, it is probably thicker. 
Above the limestone on the slopes of the hills comes a sandstone 
which generally forms the summit, at least of the higher points, 
and varies in this position from a few feet to almost if not quite 
100 feet in thickness. Sometimes the sandstone does not occur, 
and the hills are capped with a gray chert which often partakes 
of the nature of the sandy quartzite. In the cases where both 
the sandstone and the chert occur in the same localities, the chert 

vjsiiurin underlies the sandstone, and overlies the blue limestone. Where 
the chert is wanting the sandstone comes into direct contact 
with the limestone. It is noticeable that, though tbe limestone 
is apt to contain chert y masses anywhere through it, the forma- 
tion heroines more chert y towards the top. It seems probable 
that when the chert intervenes between the sandstone and the 
limestone, it simply represents an unusually large development 
of this chorty character of the lop of the limestone. This would 
account for its sudden appearance aud disappearance, since 
sometimes it has a thickness of probably 75 feet or more. 
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while elsewhere it is wanting altogether, and the sandstone 
comes into direct contact with the underlying limestone. 

Where the sandstone has been eroded from the hills and ridges 
and the chert covers the highest points, the summits have the 
character and rough appearance of a surface covered with broken Relations of iimc- 

° r * atone and chert. 

masses of rock. Not infrequently the chert is abruptly cut off 
by a protrusion of limestone which comes to the top of the hill 
and locally forms the crest, while beyond, along the summit, the 
chert appears again. This sequence of outcrops is a natural 
result when it is considered that the chert exists simply as large 
pockets and lenticular layers in the limestone, and may be cut 
out by that rock at any point. 

The iron ore occurs in both the chert and the sandstone; and 
as either one or the other of these rocks usually forms the crest 
of the hills and ridges, the ore is generally near the summits. 
It does not form a continuous bed over any very large area, but 




Fi<;. 60 (Fn;. 1 of Ark. report). Section across Iron Mountain on the Collin* tract, Sharp 

connty, showing the mode of occurrence of the iron ore. 

1. Iron ore (limonltc). 

2. Sandstone. 

3. Limestone. 

Horizontal scale. 1 Inch = } mile. Vertical scale: 1 inch = 1(H) feet. 

occurs in more or less isolated basin-shaped deposits, varying 

from a few square yards to several acres in extent and from t*vo 

to three feet to probably over twenty-five feet in thickness. The 

section in Fig. 1 represents a typical case of the iron deposits ^erany^the " 

of northeastern Arkansas, as exemplified in Iron Mountain on crcsl ** 

the Collins tract in Sharp county. This tract will be more 

fully described later in the present chapter. 

In following along any of the ridges in the iron district a 
series of such basin-shaped pockets as have just been described 
are seen, separated along the ridge by areas of barren sandstone 
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or chert. Sometimes the ore is comparatively pure, at other 

times it simply forms the coloring matter and cement of fer- 

imiHiriu.- in iheruginous sandstone or binds together the fragments of chert 

breccia; and almost always more or less sandy impurities can be 
seen in it. Sometimes the ore forms interbedded, alternating 
layers with a ferruginous sandstone, or occurs in bunches in the 
sandstone or chert. A common occurrence is a chert bed cut bv 
a network of huuehes and connecting seams of ore. 

Frequently where the sandstone or chert is soft, the rock has 
decayed, forming a red clay in which the masses of ore are 
imbedded. Such deposits often afford a good soil and at the 
present time many of the iron ore tracts are cultivated as farms, 
and the lumps of ore are constantly being plowed up. This i> 
especially well seen in the neighborhood of Smithville in Law- 
rence county, and around Calamine in Sharp county. Occasion- 
ally also the ferruginous waters from springs in the iron ore hill* 
have cemented the sand and gravel in the creek beds, forming 
a ferruginous conglomerate, which is of course of much later age 
than the iron ore in the hills. 
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The analysis shows the ore to be of good quality, but the 
quantity of it on the property has yet to be proved. 

The S. P. HoUoway tract No. 2. This is one of the several 
tracts of iron ore land owned in this region by Mr. S. P. Hollo 
way of Black Rock. It is in 16 N. 9 2 W. f section 6, the south- 
east quarter. The brown hematite ore occurs here in loose 
wet xo.'i, masses in the soil on the summit of a hill. It is associated with 
fragments of sandstone and quartzite, and the exposed masses of 
ore have probably been set free during the disintegration of 
these rocks, in which they were probably originally held. The 
ore is sometimes sandy and is occasionally found adhering to 
masses of sandstone. It sometimes occurs as hollow " pots," 
and at other times as a massive ore with a banded, agate-like 
structure. A few small prospecting pits show masses of ore 
imbedded in the red soil. 

The following analysis by A. Menke shows the composition of 
the ore from this property : — 

ANALYSIS OF IRON ORE FROM THE 8. P. HOLLOW AY TRACT NO. 1, 

LAWRENCE COUNTY. 

Irou 65.91 

Silica 7.0S 

Phosphorus 0.028 

Sulphur 0.198 

Mangatie.se a little. 

The analysis shows the ore to be of very good quality. It is 
comparatively high in iron, exceptionally low in phosphorus and 
comparatively low in silica. Thus analysis, however, cannot be 
considered as representing the quality of the whole deposit. The 
property is heavily covered with soil, and when the sample for 
the analysis was taken only a limited part of the whole ore bed 
was accessible. To test the deposit properly it should be stripped 
in a large number of places and numerous samples should be 
taken for analysis. In this way both the quality and quantity of 
the ore could he determined, a thing which in the. present un- 
prospected condition of the property it is impossible to do. 
on tract. Th* (-'azorf Tract. The Cazort tract is in 16 N. 2 W., section 
t>, the northwest quarter of the southwest quarter, and in section 
7, the northeast quarter of the southeast quarter. It is close to 
the last mentioned property and the ore occurs under verv much 
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the same conditions as on that tract, except that it is more sandy 

and therefore contains a larger percentage of silica, as shown bv Analysis »f the 

the following analysis by A, E. Menke: — 

ANALYSIS OF THlE IRON ORE FROM THE CAZORT TRACT, LAWRENCE 

COUNTY. 

Iron 41.71 

Silica , . . . . 28.2<> 

Phosphorus 0.014 

Sulphur 0.232 

Manganese a little. 

The analysis shows the ore to be low in iron and injuriously 
high in silica. 

The Uolloway and Collins Tract No. 1. The Hollo way and 
Collins tract No. 1 is in 16 N., 3 \V., section 12, the southeast mi „ „ 

7 ' ' The Hollo way and 

quarter, and is locally known as Iron Mountain. The brown goUint tract, 

hematite crops out for a distance of half mile on the summit of 

a ridge running in a general north and south direction. The 

base and lower slopes of the ridge are composed of blue 

limestone lying almost horizontally, while the sandstone with 

more or less chert and quartzite appears on the upper part. 

The sandstone is in some places w,hite, and in others rusty brown 

from the presence of iron. The ore occurs in isolated basins 

or in large irregular pockets in the sandstone, and in following 

along the top of the ridge ore may be found in one place and 

perhaps a few yards further on sandstone crops out, to be cut 

off by ore again beyond, thus causing an alternating series of 

outcrops of ore and sandstone. So little prospecting has been 

done on the property that it is impossible to determine the 

thickness of the deposit or, in fact, anything more than its 

most general features. 

The following analysis by A. E. Menke shows the composi- 
tion of the ore :— 

ANALYSIS OF IRON ORE FROM THE HOLLOW' AY AND COLLINS TRACT 

NO. 1, LAWRENCE COUNTY. 

Iron 4!».44 

Silica 25.85 

„. . ~ rtno Analysis of the 

Phosphorus 0.028 re. 

Sulphur. 0.479 

Manganese a little. 
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The analysis shows the ore to contain an injuriously large 
percentage of silica. 

The Holloway and Collins Tract No. 2. The Holloway and 
Collins tract No. 2 is in 16 N., 3 W., section 12* the west half, 
and shows ore somewhat like that on the last property. It is 
covered with so much soil, however, that it is impossible to de- 
termine accurately the extent of the deposit. A pit about 
twenty feet deep was sunk at this place some years ago. It is 
now mostly filled with earth, but the upper six or seven feet are 
still open. It shows alternating layers of ore and ferruginous 
sandstone, the thickest layer of solid ore seen being about two 
feet. Sometimes layers and pockets of red clay occur in the 
ore. The ore dips apparently at about 30° to the southwest, 
but this may be simply due to a local slip in the surface rocks. 
It is probable that further prospecting on this property would 
show considerable series of alternating layers of sandstone and 
ore. 

The following analysis by A. E. Menke shows the composition 
of the ore on this property: — 

ANALYSIS OF IRON ORE FROM THE HOLLOWAY AND COLLINS TRACT 

NO. 2, LAWRENCE COUNTY. 

Irou 47.99 

Silicia 15.08 

Phosphorus 0.083 

Sulphur. 0.054 

Manganese a little. 

This analysis shows the ore to be fairlv good in its contents of 
iron, somewhat injured by the high percentage of silica, and to 
contain too much phosphorusjto be classed as a Bessemer ore. 
77<f *S. P. Holloway Tract Xo. 1\ The Holloway tract No. i 
ic"°No. t. is north of the last mentioned propeity and in 17 N., 3 W.. 
section 35, the noitheast quarter of the southeast quarter. A 
porous brown hematite, often in the form of ** iron pots," occurs 
here in a red ar.d brown clay in the bluff of a small creek. The 
masses of ore. which are sometimes two or three feet in diameter, 
often torn; horizontal layers in the clay. A pit said to be 
twenty feet deep was -:;r.k here >om* time ago, but, now filled 
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up to within eight feet of the surface. The exposed sides of the 

pit show a face of ore in red and gray clay over five feet thick. Anaiyi* of 

This is underlain by clay, below which more ore is said to have 

been found in the old pit. About ten feet of ore altogether is 

said to have been exposed. 

The following analysis by A. E. Menke shows the composition 
of the ore from this property: — 

ANALYSIS OF ORE FROM THE 8. P. HOLLOWAY TRACT NO. 2, LAW- 
RENCE COUNTY. 

Iron 45.49 

Silica 8.47 

Phosphorus 0.007 

Sulphur 0.31 5 

Manganese a little. 

The analysis shows the ore to be somewhat low in iron, but 
good in other respects. 

The Wasson Tract No. 1. The Wasson tract No. 1 is in 17 The Wmiob . 
N., 3 W., section 26, the south half. This property is on the No,L 
continuation of the same ore belt as the last mentioned property, 
and shows ore occurring under somewhat the same conditions. 
The ore is often composed of geodes, or " pots " of brown hema- 
tite, from one to six inches in diameter, and held together by a 
ferruginous cement. The following analysis by A. E. Menke 
shows the composition of the ore from this property: — 

ANALYSIS OF THE IRON ORE FROM THE WASSON TRACT NO. 1, LAW- 
RENCE COUNTY. 

Iron 41.58 

Silica 16.26 Analysis of U 

Phosphorus 0.198 ore - 

Sulphur 0.095 

Manganese a little. 

The analysis shows the ore to be low in iron and high in silica, 
though other samples from this property might give better re- 
sults. 

The Moore Tract. The Moore tract is in 17 N., 3 W., section 
21, the southeast quarter of the southeast quarter. It shows 
ore occurring under much the same conditions as on the Wasson 
tract, which lies northwest of it. 



iMjtoirn. j EIlowu aa Cathaytown, is on the south side of the Strawberry river, 
in 15 N., 3 W., section 5, A brown ferruginous sandstone covers 
several of the hills in the village, forming numerous rounded, 
rocky knobs, and is commonly mistaken for iron ore. Occasionally 
a few small masses of u sandy brown hematite occur in the rock, 
but the vast bulk of what is commonly supposed to be ore is 
simply a rusty sandstone, of no value whatever as an iron ore. 
Simitar materials exist in many other places near Strawberry. 

The following analyses by A. E. Menke show the composition 
of this material :— 
ANALYSES OK IRON C _ " " 

Iron 

Silica 

see of oro. Phosphorus 

Sutpliur 
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These analyses show the so-called iron ore of Strawberry, or 
Cat hay ton, to be so low in iron and so high in silica that it is 
worthless as a source of iron. 

SHARP COUNTY. 

General Features. The iron ores of Sharp county, so far as 
known, lie mostly south of the Strawberry river, in the southern 
part of the county, though other deposits occur north of this 
area. 

The Collins Tract. The Collins tract is in 16 N., 4 W., sec- The ColIing tract . 
tion 8, the southwest quarter. It is locally known as the Iron 
Mountain, which is the top of a ridge rising almost 200 feet above 
the surrounding drainage. The lower part of the hill, for about 
90 feet from the base, is composed of the blue limestone com- 
mon to the region. The upper 85 feet are composed of sand- 
stone, often assuming a quartzitic nature. The ore occurs in 
fragments on the summit, and is associated with the sandstone, 
from which the masses have been derived. The ore covers 
about two acres and is found more sparingly beyond these limits. 
It evidently represents a basin-shaped deposit in the sandstone. 
A pit, mostly filled up, is said to have been ten feet deep and to 
have gone through ore all the way. The ore is a brown hematite, 
often occurring as a mass of small nodules, the size of a pea or 
larger, with a fibrous structure, radiating from the center. Else- 
where the ore is simply the common porous and honey-combed 
brown hematite. 

The following analysis by A. E. Menke shows the composition 
of the ore : — 



ANALYSIS OF THE IRON ORE FROM THE COLLINS TRACT, SHARP Analysis of the 

ore*. 
COUNTY. 

Iron 58/J1 

Silica 2.46 

Phosphorus 0.083 

Sulphu r 0. 1 0«J 

Manganese trace. 

The analysis shows a very good ore for non-Bessemer purposes, 
though the phosphorus is too high to permit it to be used for 



I No. «.»■ 



<M»«*t l^<r 
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Bensemer stool. The quantity of the ore, however, from a com- 
mercial stand-point, has yet to be determined. 

The Watson Tract No. 2. The Wasson tract No. 2 is iii 16 
N., 4 W., section 13, the east half of the southeast quarter. The 
land here is mostly under cultivation and heavily covered with 
soil. The ore occurs as masses in red clay and is only seen 
where it has been plowed up. The property is only half a mile 
north of the Bevens bloomary, where iron was made before 1860 
(see page 2 ), And a part of the ore used in the bloomary is said 
to have Irhmi mined on this tract. At present the old pits have 
been tilled up and but little can be seen of the ore. 

The following analysis by A. E. Menke shows the composition 
of the ore : — 

ANALYSIS OF THF. IRON ORE FROM THE WASSON TRACT NO. 2. SHAXF 

COCNTT. 

Iron 54.70 

Silica - 2.30 

Pfco*P&or«5 O.CJl 

Su^ur 0.45* 



rV.e Ar.A*\>-> >rcw> tL* or* to be of a very 200*1 quality. hLzL 

a ::v" aiv.i o»v ;• > 1..-JL iz.o rhosricru*. but the c^.intitT of the 

orv > v?o^btfu. Ar or* tb-i: j^fzis tc be sixiLir to that oc: the 

\Y*><so-- :n.-: .v:~ :* r >* N . 4 W\ % *«<:5:o~ ±\. th^ ea^t half of 

• K » *• %~r *>-?► -4<" " * 4 ~^ * ■• 

r>* .Sv / "t- i :x: Ki^C < 'J*r*x Z+Ttztf. B»";£ -:reek ia\i 
rwvx; > *^xk >.*:* rs* x :~* fcati^n curt cf Siatt? eo-ctv 
i n : 5/» *.k. -*■•".■ *t^ ::: — ' ^criwSsrry rrvw : z La/wre::.** 

.v. - v* :: ■■> ;■*.< :i *--•? i~~»ia^ *:a* *?«Tri**a. tii<e two 

„v . -- V •.* • ^ T41.— v * -»:jt:. -i^ia rssntr :^r rc»= h~a- 
. : \>- v  •■ .:•> -v; — ». i»: »^ ir-i. .:;*£»- f;mi5 *Ji«* i : _riie 

. * .■ - : - :*■.-• :!**>. L3ii .2* :tjjtc«*i£ w^th 1 

v* : - »■■  \_ - : * : ~: :-c* jr'VT. .1 r:i«rr. ±?A 
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angular fragments of gray or rusty brown chert. In some 
places, however, where it is exposed in place, its original mode 
of occurrence is found to be as masses and pockets in the chert, 
sometimes also as the cement of a chert breccia. Near the base 
ore u «iuite Q f fa e deposit the ore becomes more and more cherty until it is 
finally cut out altogether by solid chert, and this rock in turn is 
soon replaced by the underlying limestones. The ore represent* 
an irregular and isolated body in the chert, probably not more 
than twenty feet thick anywhere and much thinner in some 
places, while the chert itself represents an irregular bed in the 
upper part of the limestone. 

The following analysis by A. E. Menke shows the composition 
of the iron ore from this property : — 



jmU of the 



ANALYSIS OF IKON ORE FROM THE DBADRIGK TRACT, FULTON 

COUNTY. 

Iron 44.97 

SUIca 21.40 

Phosphorus 0.031 

Sulphur -• 0.109 

Mang*ne>v .... .......... 



The analysis shows the ore to be hhrh in silica, though some of 
the ore on this tract U of better quality than that represented hy 

the analysis. 

RANDOLPH COUNTY. 

(iVirr;!: 1 Fi.Mu?*. Iron ores in the form of brown hematite 
occur in in Any parts of Randolph county, especially in the 
county between Spring river and Eleven Points river, and also in 
the northeastern p irt of the county near the Arkansas and Mis- 
souri bou;*d*ry I : .tu\ b;;: >.* far as yet discovered the deposits are 
all too s:::aii a::J ^f:e:; too poor in quality to be of auv commer- 

:i"~ ; .* >\ •>. T-e \:I"age  >£ Ravendeu Springs is in 

.*? *.%.. Is 1 N . i W . -.c: .r. ". TV. '.:ja ::? :r^n ore occurs in the imme- 
viia'.c ■■.-.■■^ ■■.* ■:;:■»■■•.: .*:" :.'.-; v : /. j^». •; ;> found in several places 

v. >.*./.. ..>.... .v- , «. ->. a . . >o ..*!. oj tae atvtvle r*etween 

Svr : -^ r wr K^-/-: :V > t v;r. The m*;a part of ihi* 
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divide in the region in question is a long tortuous ridge running 
in a general northwest and southeast direction and rising from 200 
to 300 feet or more above the surrounding drainage. The lower 
part of the ridge, for sometimes 200 feet from the base, is com- 
posed of the blue limestone already described (page 23). The Chcrt on the hm *- 

 

rock becomes chcrty towards the top, and the upper part of the 
bed is composed largely of chert for a thickness of probably, in 
some places, 75 feet or more. The chert usually forms the crest 
of the ridge, giving it the rough rocky appearance of a chert 
region. On the higher parts of the ridge, however, the sand- 
stone, which belongs above the chert, often appears and forms the 
summit. Occasionally the chert is absent and the sandstone 
and limestone come into direct contact, as already explained on 
page 23. Most of the iron ore occurs on the summit of the 
ridge, as pockets in the chert, the deposits forming, on account 
of their dark color, a striking contrast with the light gray chert 
which surrounds them on all sides. 

About a mile and a half east of Kavenden Springs a small pit 
has been made in a deposit of brown hematite. The chert has 
partly decayed and the ore occurs in masses and layers in a brown 
and white clay which has resulted from this decomposition. 

The following analysis by A. E. Menke shows the composition 
of this ore : — 

ANALYSIS OF IRON ORE FROM NEAR RAVENDEN SPRINGS, RANDOLPH 

COUNTY. A , , 

Analysis of the 

Iron 50.41) 

Silica 12.<J0 

Phosphorus 00.14 

Sulphur 0.102 

Manganese a little. 

The analysis shows an ore of fairly good quality. The quan- 
tity of the ore, however, is uncertain, as very little prospecting 
has been done, but it is probably limited. 

Southeast of this locality, for five or six miles along the crest 
of the ridge, similar or even smaller deposits occur. Sometimes 
they show small quantities of ore, at other times they are simply 
rusty chert. 
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Jackson. The old Tillage of Jackaon is abort eight afles 
southeast of Ravenden Springs and on the divide between Sprag 
river and Eleven Points river, already de scr i b ed. Less tho a 
mile north of the village and in 17 N., 1 W., section J, on the 
old military road, a few scattered lumps of brown hematite, u- 
sociated with fragments of chert, occur on the upper slopes of 
a hill. The ore is in very small quantities. 
ine odo. timet. The B. B. Odom Trad. The Odom tract is in 18 N., 1 W. t 

section 18, the northeast quarter of the northeast quarter. 
Masses of iron ore associated with fragments of chert oecir 
here, but the deposit has not been prospected and is so covered 
with soil that it is difficult to determine anything about its extent 
Some of the ore contains rounded siliceous pebbles, and occasion- 
ally it forms the cement of a mass of pebbles and sand. Such 
materials may possibly represent a later formation than the other 
ore and, if so, the iron in them has probably been derived from 
the older ore. 

The following analysis by A. E. Menke shows the composition 
of the ore : — 

AXALT818 OF ORE FROM TUB ODOM TRACT, RANDOLPH COUSTT. 

Iron 44.44 

Silica 1I.H3 

Phosphorus 0.021 

Yn»u-t» of tt.e Sulphur • 0.157 

or *- «* «. ^ 

Manganese a little. 

The analysis shows the ore to be somewhat low in iron but 
good in other respects. 

Iron ore somewhat similar to that on the Odom tract also 
occurs in 18 X., 1 \Y M section 6, the west half of the southwest 
quarter. 

Iron Bank. What is locally known as Iron bank is in 21 N.. 
3 W., section 8, the northwest quarter of the southwest quarter, 
about a quarter of a mile south of the Arkansas and Missouri 
boundary line and about fifteen miles east of the town of Mammoth 
Spring. The ore is a brown hematite and occurs in association 
with chert on the end of a ridge. The lower part of the rid^e i> 
composed of the blue limestone, and the chert occurs with a 
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thickness of about thirty feet on the summit. The fragments of 
ore cover about five acres on the top of the ridge and the deposit 
represents a local body of ore in the chert. Occasionally the ore 
forms the cement of a chert breccia. 

The following analysis by A. E. Menke shows the composition A ??om 8l iron Sank, 
of the ore from this property : — 

ANALYSIS OF IRON ORE FROM IRON BANK, RANDOLPH COUNTY. 

Iron 49.97 

Silica 14.53 

Phosphorus 0.014 

Sulphur 0.082 

Manganese trace. 

The analysis shows the ore to be fairly good in its percentage • 
of iron but somewhat high in its percentage of silica. 



knowledge. 

The Steelville Iron Mines, about three miles southwest of 
Steelville, were first operated in 1873 and 1874 and again in 1880 
to 1881. The exact amounts produced during these periods 
could not be obtained, but Judge A. J. Seay of Oklahoma 
Territory, informs us that, in his estimation, these mines yielded 
from 5000 to 6000 tons. 

According to the notes in Campbell's Gazetteer, the Grover, 
Benton Creek and Iron Ridge mines being operated in Crawford 
county in the year 1873, and the Buckland and Beaver Creek 
mines in Phelps county during the same year. v 

The Simmons Mountain Mine is one of the largest operated 
in the region. It is situated about two miles southwest «i 
Sulem. The ore is mostly specular hematite. According to the 
Mine Inspector's reports for the years 1889, 1890, 1891 and 



Total +aO,718 Average, $2 8* 

The Haiokin's Mine, ul Oondray, in Dent county, was opened 
in the year 1879, ' an J has been operated at intervals since. Ac- 
cording to figures furnished by Mr. Condray, the superintend- 
ent, the production from January, 1891, to August 31, 1892, 
was 32,484 tons. 

According to the mine iuspeclor's figures the following prices 
prevailed: — 

Price Per Too. 
IBM «.' 00 



According to figures kindly furnished by Mr. E. B. Sankey 
the total amount of ore produced up to and including the year 



Mine Inspector'* Report tor 1891, p. 190. 



Unerry valley mine (L..) sec. 4, T. 37 N., 3 w +97, MB' 

Craig mine (S.) Sec. 24, T. 3« N., fi W 10,898' 

Deffebach mine (G.) 250 

Grove r-Fersu>on miue (S.) Sec. 31, T,37N., 4 W 2,570 

Haney mine (S.) 4,195 

Hart mine (S.) Sec. 24, T. 36 H., 5 W 780 

Iron Ridge mini' No. 1 (I).) Sec. 29. T. 39 N., 5 W 180,841 

James mine (at Wilson's Mill} (J.) Sec. 12, T. 86 N., 5 W. (?).. 3,100 

Keyee 500 

Pinnel mine (G.) 550 

Pcsse mine (S.) Sec. 12, T. 36 N., 5W 1,251 

Scotin mine So. 1 (Sc.) Sec. 1, T. 38 N., 3 W 150,000 

1 The diagram of the Statu on the opposite page ts Introduced here to 
accompany these table?. The circles indicate the counties Id which Iron ore is 
known to occur In the State; the black bars Indicate those counties which have 
been iron ore producers In the past, the length of the bar being proportional to 
the amount produced to date; the black squares show the counties which have 
been producers during the year 1892, the size of the square being proportional 
to the amount produced during tbat year. 

! Last hall of 189-' estimated. 
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Scotia mine No. 2 (J.) Sec. 28, T. 39 N., 2 W 7,000 

Seay mine (S.) Sec. 5, T. 37 N., 4 W 3,722 

Steelvllle mines Nos. 1 and 2 (Se.)Sec. 5,T. 37N.,4W 5,500 

Taylor mine (J.) Near Jakes Prairie 2,500 

Varris and Arnold mine (G.) 550 

Other small mines (D.) 5,500 

Estimated production from other 

banks including the Reuben 

Smith, New York, Rowden, 

Watros, Thompson, Wilkerson, 

Bleeding Hill, Clark & Co., N. 

G. Nos. 1 and 2, Knox, Cook, 

C. C, Arthur-Re void, Key, An- 
derson, Dry Creek Carson, and 

RedHill banks 140,000 



Total $1,068,154 

DENT COUNTY. 

Production . 
Name Location Gross Tons. 

Arnold mine (S.) Sec. 9, T. 35 N, 5 W 125 

Causey mine (S.) 100 

Clark -Taylor mine (S.) Sec. 12, T. 34 N , 7 W 16,827 

Dry Fork miue (S.) 13,121 

Ferguson mine (S.) Sec. 13, T. 34 N. 9 6 W 43,500 

Fltzwaier mine (S.) Sec. 15, T. 34 N., 4 W 6,000 

Gearhart mine (S.) 1,000 

Graff-Black well mine (S.) Sec. 12, T. 35 N., 6 W 48 i 

Hawkins mine (S.) Sec. 11, T. 35 N., 6 W 121,979 

Hayes mine (S.) Sec. 20, T, 84 N., 5 W 5,000 

Hatchens Creek mine (S.) Sec. 15, T. 34 N , 4 W 2,008 2 

Huzzah Howe's mill, mine (S.)...Sec. 9, T. 34 N., 3 W 1,000 

James mine (S.) 79 

Jamisonmine (S.) Sec. 1, T. 33 N., 6 W 22,354 

Kerr mine (S ) 168 

Norris mine (S.) Sec. 12, T. 34 N., 5 W 1,300 

Nova Scoti i, Barksdale niiu? 

(S.) Near Nova Scotia Furnace 27,500 

Orchard miue (S.) Sec. 13, T. 84 N., 6 W 41,054 

Orchard and Young, Thorpe, 

Preston or Pittsburg mine (S.).Sec. 27, T. 34 N., 6 W 15,000 

PJank mine (S.) Sec. 33, T. 35 N., 6 W { JS'Su ' 

1 Last half of 1892 estimated. 

- Mr. Sankey thinks this amount represents only the shipments by rail. 
The miue was worked for some time by the Sligo Furnace Co. and the ore was 
hauled in wajrons to the furnace. 

21 
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ibok 



Pocuerof mice (B.) 

Bed Mountain mine (8.) 

KlT«raldn-Zi«gler mine (S.j... 
a Mountain mine (8.). 

•C8.) 

WaUinamino(S) 

William* mine (8.) 

Katimated production of ot 

mlnee including Merriam t 

Slater mines 

ToUl 



FRANKLIK COUNTY. 



Booth mine (B.) 

Cooni mine (B.) 

Iron Kill mine (B.) 

■tndltb Springs ralue (B.) 

Letcher mine (B.) 

Heed Coppermine (B.) .- 

Spring Creek mine (B.) 

Surface ore from several places (B.) . . 
From Dry Branch 1892 .' 

Total 



.-Sec. 17, T. 41 »., IV.. 



Qmsa Tobi. 

11,000 



HOWELL CODNTY. 



Location. 
..Sec. 85, T. 24 N ,8 W. . 



Prod net Ion. 

Gross Tons. 

10,000 



IRON' COUNTY. 

Name. Location. 

Pilot Knob mine (H.) Sec. 29, T. St N.. 4 E 

Shepherd Mountain mine (P).... Sec. 31, T. 34 N„ IE 

Cedar Hill mine (P.) Sec. 30, T. 84 N., 4 E 

Bulord Mountain mine (P.) Sec. 26, T. 36 N., 3 E 

Russell Mountain mine (P.) Sec. 18, T. 33 N., 3E. (?).. 

The Shut- In mine (P.) Sec. 3, T. 33 N., 4 E 

Total 

1 Last ball of 1892 estimated. 



Production. 

Gross Ton*. 

1,678,272' 

75,000 

25,000 

3,000 

3,000 

600 
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MADISON COUNTY. 

Prod action. 
Name. Location. Gross Tons. 

Cornwall and Mine La Motte tract, 

and Vicinity (Sa.) • 5,000 l 

Estimated production from the 
same place shipped to the Iron- 
dale furnace in Washington 
. County 5,000 

Total ^ 10,000 



Name. 

African mine (S.) 

Beaver Creek mine (J.), 
Buckland mine (K.)>- 
Burn 8 mine (S.) 



PHELPS COUNTY. 



Location. 
Sec. 27, T. 86 N., 6W. 
Sec. 33, T. 87 N., 8 W. 
.Sec. 20, I. 37N. t 8 W 
.Sec. 34. T. 86 N., 6 W. 



Clinton mine (S.) Sec. 26, T. 86 N., 6 W 

Hyer mine (K.) . Sec. 26, T. 36 N., 7 W 

James mine (K.) Sec. 29, T. 38 N., 6 W 

Kelley mine No. I (K.) Sec. 18, T. 36 N., 8 W 

Kelley mine No. 2 (K) Sec. 21, T. 37 N., 8 W 

Lamb mine (S.) Sec. 35, T. 36 N., 6 W 

Lenox mine (J.) Sec. 36, T. 37 N., 7 W 

Meramec mine (J.) Sec. 1,T. 37 N., 6 W 

Moselle mine No. 9 (K.) Sec. 29, T. 38 N., 6 W 

Moselle mine No. 10 (K.) Sec. 20, T. 36 N., 8 W 

Organ mine (J.) 

Reed mine l Wo . ) 

Smith mines Nos. 1, 2, 3(S.) Sec. 26, T. 36 N., 6 W 

South Mountain mine (J.) Sec. 23, T. 38 N. f 6 W 

Stinnon. Sec. 10, T. 36 N., 6 W 

Thornton-Dowling mine (K.)....Sec. 33, T. 38 N., 6 W , 

Taylor's Rolla mine (K.) Sec. 15, T. 37 N., 8 W (?)... 

Winkler mine (S.) Sec. 14 or 22, T. 36 N., 6 W. 

Other small mines (Wo.) 

Estimated production of other 

mines including Thompson 

Railroad Nos. 1, 2 and 3, Piney 

Creek, Cold Spring, Santee and 

Clark's, Agricultural College No. 

1, and Hancock mines 



Total 



Production. 

dross Ton 8. 

1,658 

49,000 

5,500 

301 

22,087 

1,200 

30,000 

3,000 

1,070 

4,573 

720 

375,000 

14,000 

10,000 

12 

450 

9,050 

800 

5,844 

2,300 

5,000 

392 

815 



20,000 



562,772 



1 Productions for last eight months of 1891 and for all of 1892 are estimated 



Phelps. ' 562.77* 

Total 8,249,453 

LlilOMTE ORES. 

Howell 10.000 

MailUoD 10,000 

T»:*l 20,000 

Mlsce11*Dt«a* ... *3,g» 

Ciran.1 Total 7,713,124 

The preventing: tables give, with reasonable completeness and 
Jot ail, ttn> ipeosiraphiv distribution of ore, mod this is graphically 
-howii iuihe small map opposite this page. There remains to be 
«N»n*i.lere0 the vhronologv vli?:rihaiiou, or the production bv 
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TOTAL PRODUCTIO! 
TO 1892, BY COUXTII 

8t. Francois 3,516 

Iron 1,684 

Crawford 1,068 

Dent 748 

Phelps 562 

Franklin 68 

Howell 1C 

Madison 1C 

Miscellaneous 43 



Total 7,7M 
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Fig. 61. Outline map of the State of Missouri, showing counties containing iron ores and 

the distribution of productions to date. 



t Blrklnblne'e flgore* (or IBM are 181 JIM tons. 

• Tbe Ojtaiei given by Swank In the Ann. Stat. Rep.. Am. Iron * Steel Ass., far 1689, 
tire SSS.TtH; 1890. are 1M.69S; 1891, S3.MS. 

t Bui apply to i*ia*iaWt of ore, end not to acts*) production. 

t All or jute Mine Inspector C. C Woodson's feuies are for rem ending Jnne Mb, 
excepting l*Fi. where tbe production for tbe latter hw.lt or the je*r le estimated. 

Sources of Information. For the productions of iron ore in 
the Stute previous to and including the year 1870, we are indebted 
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to results compiled by Mr. Edwin Harrison of St. Louis, and 
published in the St. Louis Republican of Jan. 1st, 1871. The 
production for the year 1871 is contained in the issue of the 
same paper of Jan. 1st, 1872. Concerning these figures, as well 
as those relating to the production of pig iron, Mr. Harrison 
writes as follows : 

44 Somewhere about 1870 to 1872, a representative of the St. 
Louis Republican requested me to give him a statement of the 
production of that metal (iron) up to date. At that time and 
for a number of years it was customary with the St. Louis 
journals to publish, on Jan. 1st, a review of the trade and man- 
ufactures of the city and, complying with the request, I gathered 
together all the data, and these were incorporated in that annual 
review. My recollection now is that my figures were all 
obtained directly from the various furnace operators and with 
assurances of their correctness, except in the case of the 'Old 
Springfield Furnace' which had ceased operations many years 
before and whose furnace stack was already growing picturesque 
as a ruin. From Col. McAllvaine, and such other old citizens 
as were best informed in relation to the operations of this fur- 
nace, however, I got all the information that was to be obtained 
regarding its capacity, number of years and months of actual 
running time and such other information as would lead to :i 
fairly accurate estimate. No books which might have shown 
the production of this furnace had been preserved. 

" I took much interest and great pains to obtain the most 
accurate statistics, a> none had ever been collected on this point 
so far as I was either then or am now aware." 

From 1872 to 1871), and 1*81 and 1882 inclusive, we are 
entirely without figures of annual productions. Hence the 
amounts stated in the table are entirely estimated. As checks, 
we know that this was a period of great activity in iron mining 
in the State ; we know the amounts produced at Iron Mountain 
during these years and at Cherry Valley during 1878 and 1879. 
Further, we know, from the preceding tables, the gross amouut 
of iron ore produced in the State to date and, by difference, we 
deduce the amount which must be applied to these periods of 
darkness. The productions of the succeeding years have been 
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derived from various sources, as noted in the table. Regarding 
the figures for 1889, 1890 and 1891, according to different 
authorities, there is considerable discrepancy. We have intro- 
duced into the table those figures which we thought, from the 
manner in which they were collected, are most probably accurate. 
The statement in the foot-note shows clearly the differences 
between the results. 

Estimates of Values. The values of the ores expressed in the 
table, can, at best, only be considered approximate estimates. 
Previous to the year 1870 we have not been able to obtain any 
data, but, as the production up to that period is not very large, an 
error in the assumed value will not affect the gross amount very 
much. During the years between 1870 and 1880, Iron mountain 
was a large producer and the ores were in great demand. Some 
large lots were then sold at $10.00 per ton and one lot at as high a 
figure as $15.00 per ton. These prices naturally bring the values 
of the period above the average; though, as we do not know 
the exact years or the amounts which commanded these prices 
the value is distributed over the probable period. For the year 
1880 we quote the value given by the Tenth Census. From 
about 1880 to the present date we have the values for the 
porphyry ores cited on p. 309, and those for Cherry Valley cited 
on p. 314, as guides. 

The production for the year 1892 is based upon the State 
Mine Inspector's, Mr. C. C. Woodson's, figures for the year 
ending June 30, 1892. It is, hence, in part, estimated. For 
purposes of exact reference his figures are given for each mine 
in the following table: — 

PRODUCTION OF IRON ORE FOR THE YEAR 1892. 

Aver. Price Total Value 

Name of Mine. Tons Mined. Per Ton. of Output. 

Crawford County 

Cherry Valley mine 1 3,790 *2.43 $33,009.00 

Dent County. 

Hawkins mine 10,100 1.75 17,675.00 

Simmons Mountain mine 7,454 1.60 11,926.00 

Craig and Plank mines 7,240 1.60 11,584.00 

Frank un County. 

Vicinity of Dry Branch 833 2.25 749.00 
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<Amt. Ftioe Total Fitac 
Name of Mine. Tons Mined. Per Tom. of OrOfmL 

Howell County. 

Laraooe mine 820 $2.00 $840J9 

Iron County. 

Pilot Knob mine 7,049 2.07 14,591.00 

Phblps County 

Reed mine and other* in vicinity of 

8t. James : 1,266 9.00 2.MJ.00 

St. Francios County. 

Iron Mountain mine 78,969 1.79 141,90940 

Totals 126,521 91.85 #234,606.00 

Missouri's Rank. Reviewing these tables and comparing the 
figures with those of other. States in the Union, we learn that 
Missouri ranked sixth as an iron ore producer in 1880; in 1889 she 
ranked tenth; in 1891 thirteenth, and she now probably holds t 
still lower position. The rapid decline during the past few 
years is in large part due to the cessation of work at Pilot Knob. 



THE METALLURGY OF IRON. 

In the preceding notes on iron mining in the State fre- 
quent reference has been made to the establishment of furnaces 
at different points, more particularly to the early enterprises. 
In addition to what has there been said little can be added 
to the excellent Directory to the Iron and Steel Works of 
the United States, compiled and published for the Ameri- 
can Iron and Steel Association by Mr. James M. Swank. The 
following extracts are therefore extracted, by permission, 
from several pages of that volume. 

BLAST FCRNACES. 

Coke — In Operation. 

Jupiter Iron Works, St. Louis County. — One 'stack, 75x20, 
finished in 1873, blown in for the first time in 1880, and remod- 
eled in 1887. Fuel, coke: ores. Iron mountain, Pilot Knob, and 
about one-quarter red hematite. 

Missouri Furnaces, St. Louis. — Two stacks, each 56x15, built 
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in 1870 and remodeled in 1887. Fuel, Connellsville coke; ores, 
Iron mountain and southwest; product, mainly Bessemer pig 
iron. 

St. Louis Ore and Steel Company. — Two stacks at South St. 
Louis, St. Louis county, formerly called Vulcan Iron Works. 
One stack, 63x16, built in 1869, and one 75x18, built in 1872, 
and rebuilt in 1886. Fuel, Connellsville coke; ore, Pilot Knob; 
product, Bessemer pig iron. 

Coke — Not Operated. 

St. Louis Ore and Steel Company, St. Louis. One stack at South St. Louis, 
built in 1869; not likely to run again. 

South St. Louis Furnaces, St. Louis. Two stacks, built in 1870 and 1872; 
dismantled. 

Charcoal — In Operation. 

Midland Furnace, at Midland, Crawford County. — One stack, 
50x10, built in 1874-5, and blown in April 10, 1875; rebuilt in 
1877. Ores, red :ind brown hematite ; product, pig iron for steel 
purposes. 

Pilot Knob Furnace, at Pilot Knob, Iron County. — One stack, 
60x11 built in 1848; remodeled in 1879. Ore Pilot Knob; 
product, Bessemer pig iron. 

Sligo Furnace, Dent county. — One stack, 55x11, built in 
1880, and rebuilt in 1891. Ores, blue specular and red oxide, 
mined near the furnace ; product, Bessemer, foundry and mill 
pig iron. 

Charcoal — Not Operated* 

Hamilton Furnace, Sullivan, Franklin County. — One stack, built in 1873: 

Iron Mountain Furnaces, in St. Francois County.— Two stacks, built in 1846 
and 1854 ; not in blast for several years. 

Irondale Furnace, Irondale, Washington County. — One stack, built in 1859. 

Knotwell Furnace, Newborg, Phelps County.— One stack, built in 1873-4. 

Mararoec Iron Works, in Phelps County.— One stack, built in 1826-9. 

Moselle Furnace, Moselle^Franklin County. — Built in 1867. 

Nova Scotia Furnace, Salem, Dent County. — One stack, built in 1880-1, machin- 
ery removed to Paducah, Ky., in 1888. 

Osage Furnace, in Camden County. — Built in 1873. 

Scotia Iron Furnace, Leasburg, Crawford County. — Built in 1870; abandoned 
in 1879. 
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ROLLING MILLS AND 8TEEL WORKS. 

In Operation. 

Granite Iron Rolling Mills, St. Louis. — Built in 1879. Prod- 
uct, stamping sheet iron for "granite iron ware" and galvan- 
izing sheet. 

Helmbacher Forge and Rolling Mills Company, St. Louis.— 
Built in 1858; product, bar, rod and band iron, coupling links 
and pins, car tender and locomotive axles, shafts and all kinds 
of forgings, for use of railroads, steamboats and machine shops. 

Kansas City Bolt and Nut Company, Kansas City. — Works at 
Sheffield, Jackson county. Built in 1887-8, and first put in 
operation in January, 1889 ; product, bar and bolt iron ; also 
bolts, nuts, spikes, etc. 

St. Louis Ore and Steel Company. — Works at South St. Louis.— 
Built in 1872 as an iron-rail mill ; Bessemer steel w.orks, erected 
in 1875-t>; made their first blow September 1, 1876; product, 
steel slabs, blooms, billets and rails. 

St. Louis Steam Forge and Iron Works, St. Louis. — Built in 
1862 ; product, bar iron, car axles, and railroad and steamboat, 
fonrinixs of iron or steel. 

Union Steel and Iron Company, St. Joseph, Buchanan coun- 
ty. — Built in 1S81* ; product, merchant iron and steel, sheet iron 
and steel, and steel nails. Works not yet put in operation. 

Not in Operation. 

Harrison Wire Con:p:my. — Built in 1873; machinery removed in 1887. 

Laclede Rolling Mills, Chouteau, Harrison, and Valle Iron Company. — Buil, 
in 1830 and rebuilt in 1S7'.» : product, bar, sheet, and plate iron and steel, blooms 
angles and tee iron, small T rails, spikes, nuts, bolts and washers: works dis- 
mantled in lsiu. 

La (irange Rolling Mills, La Grange, Lewis County. — Built in 1883; dismantled 
and machinery removed to Findlay, O., in 1887. 

St. Louis Shovel Company, St. Louis. — One train of rolls used for rolling 
bars into shovel blanks: rolls removed and for sale. 

Tudor Iron Works, St. Louis. Built in 1870: machinery removed to the 
Tudor Iron Works. Kast St. Louis, III., about 1881. 
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forges and bloomaries. 1 — (Abandoned.) 

Germania Iron Works, Antony Zeitincger, South St. Louis, 
St. Louis County. — Built in 1871. 

Kimmswick Forge, Kimmswick, Jefferson County. — Built in 
1873 ; dismantled. 

Maramec Iron Company, Maramec Iron Works, Phelps 
County.— Built in 1829. 

BESSEMER STEEL WORKS. 

(One completed and one partly built.) 

St. Louis Ore and Steel Company. — Works at South St. 
Louis. Two 7-ton converters. 

Union Steel and Iron Company, St. Joseph. — Two 3-ton 
Robert Bessemer converters partly built. 

PLATE AND SHEET MILLS. 

Granite Iron Rolling Mills, St. Louis Stamping Company. — 
St. Louis Iron and Steel sheets. 

Union Steel and Iron Company, St. Joseph. — Iron and steel 
sheets. Not in operation. 

CUT NAIL MILLS. 

* 

Union Steel and Iron Company, St. Joseph. — Fifty nail 
machines. Not in operation. 

WIRE NAIL WORKS. 

St. Louis Wire Mill Company, St. Louis. — Draws wire and 
makes all sizes of wire nails. 

WIRE MILLS. 

St. Louis Wire Mill Company, St. Louis. 

1 None are in operation at present. 
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CAST-IRON PIPE WORKS. 

Shickle, Harrison, and Howard Iron Company, St. Louis. 
South St. Louis Foundry, St. Louis. — Works at South St. 
Louis. 

CAR- AXLE WORKS. 

Helmbacher Forge and Rolling Mills Company, St. Louis. 
St. Louis Steam Forge and Iron Works, St. Louis. 

CAR-WHEEL WORKS. 

Kansas City Car and Wheel Company, St. Louis. — Works at 
Birmingham. 

Missouri Car and Foundry Company, St. Louis. — Product, 
cast iron wheels. 

St. Charles Car Company, St. Charles. — Product, chilled 
charcoal cast iron wheels. 

St. Louis Car-Wheel Company, St. Louis. — Product, cast 
iron wheels. 

Treat, C. A., Manufacturing Company, Haunibal. — Product, 
cast iron wheels. 

CAR lU'ILDERS. 

Brownell Car Company, St. Louis. — Street cars only. 

Kansas City Car and Wheel Company, St. Louis. — Works at 
Birmingham. 

Laclede, The, Car Company, St. Louis. — Street cars only. 

Missouri Car and Foundry Company, St. Louis. 

St. Charles Car Company, St. Charles. 

St. Louis Car Company, St. Louis. — Street, cable and elec- 
tric ears and suburban roaches. 

Whitman Agricultural Company, St. Louis. — Construction, 
dump, and clay cars. 

TIN PI.ATK WOKKS. 

Granite Iron Rolling Mills, St. Loui*. — Tinning plate added 
to rolling mill in 181K); first tin plates made in November, 
18!K), and lirst terne plates in March, 1SJU. 
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THE PRODUCTIONS OF IRON. 

The productions of manufactured iron in the State are 
expressed in the following tables. The data for these are 
principally obtained from the Annual Statistical Tables of the 
American Iron and Steel Association, compiled by Mr. J. M. 
Swank. It is to be regretted that we are unable to introduce 
more detail as well as some figures relating to values of 
products. 
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PRODUCTIONS OF PLATE AND SHEET IRON AND ROLLED IROS. 

Plate and Rolled 

Pheel Iron. Iron. 



PRODUCTION OF PIG IHON IN MISSOURI. 

UP TO THE END OF THE YEAR 1881. 



GEOGRAPHICAL INDEX OF IRON ORE LOCALITIES IN 

MISSOURI. 



All localities included in this list are described or referred to in this report, 

or are located on the accompanying map. 
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section through workings of 29 

veins of hematite at 24, 19,21, 28 

Iron mountain, Arkansas 287, » 

Iron mountain railway, opens up limonite ore districts 199 

Iron ores, producing areas of Missouri zi 

adaptability of for various purposes, black band I 

bogores 2 

brown carbonate 8 

clay Iron stones 3 

distribution of In Missouri IS 

earthy limonltes 2 

factors determining values of 6 

Frankllnlte * 

Immediate source of 186 

Impurities in and Influence on value 5,s 

magnetic, titanic 2 

mode of occurrence of 21 

ocher, other than red 2 

origin of 50 

production for 181)2 327, $28 

red hematite 2 

red ochers S 

relative values of affected by Impurities $ 

specular 2 

stalactltic or pipe ore 2 

treated of in previous reports v,xl 

total annual production of Missouri mines S2S 

I ron ores, value of specular ores of the porphyry region Stte-300 

varieties of Iron produced from S 

various classes existing in Missouri and their horizons 15 

yield of iron from various ores when pure 3 

Iron, vui, manufacture of different varieties s 

production, annual 334 

Iron, commercial, including plate, sheet and rolled, production of in Missouri.. 334 

Iron ItnmK mink v Xos. 1 and 2\ description of 219 

Ikon scijmupe, derivation of limonite deposits from 162 

1 Ron, wkoi'c.ht, production of in Missouri $ 

1 ronton, earliest attempt at Iron smelting near 304 

I rvino, K. 1>., cited on origin of iron ores 57, 14-> 

Islk i.k IJois crkkk, Succharoidal sandstone on loo 

Ixarii mme«*tonk. occurrence of In Arkansas 2&; 

Jackson, Arkansas, occurrence of llmonite near „ 3«> 

Jack's Fork, example of spring foil streams 91 

outcrops of porphyry on 94 

J vmks mink, description of 227 

Jonks. Wm., assistance rendered by ix 

information furnished by 311,318 

hmonite deposit on land of 2.V1 

J vmison MINK, description of 227 

J vntary mink, description of 230 

Jkikkkson cotntv. First magneslan limestone in loo 

occurrence of fossils In Ozark series 112 

.Saccharoidal sandstone in 102 

Johnson, Mr., location of limonite deposit reported by o; ti 

Johnson, I. E\v Is. llmonite deposit on land of o-j 

Johnson, T. A., location of limonite deposits reported by 07,, 
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Joiner bank, description of 271 

Jones, A. 8., llmonlte deposit on land of 272 

Junca creek, Second sandstone on 101 

Jupiter Iron Works 828 

Kalbe, C. w. analyses of ore famished by 185 

Kansas City Bolt and Nut Company ... . 4 880 

Kansas City Oar and Wheel Works. ....*. 382 

Kansas City, Fort Scott and Memphis By. opens up llmonlte district 200 

Kelly mine Nob. 1 and 2, description of 227 

Kelly, Mrs. Mary, llmonite deposit reported on land of 242 

Kelly. Wm., assistance rendered by lx 

Information furnished by 818 

Kentucky, yield of Iron from ores In 195 

Kimmel, K. A., assistance rendered by xlv 

Kimmswick forge 881 

Kino, E. M., llmonlte deposit on land of 268 

KI8TER bank, description of 272 

Knight. S. II., occurrence of limonlte reported on land of 283 

Knight bank, description of 279 

Knot well furnac b : 829 

Laclede Car Company . 882 

Laclede Rolling Mills 380 

LaG range Rolling Mills 828 

Lake Superior region, deposits of iron ore in 88 

Lake Superior orbs, used In Illinois.. 196 

Lam in e river, red hematite deposits on 79 

Lamb, John, llmonite deposits on land of 251 

Lamb mine, description of 227 

Lamons mine, description of 160,166. 190 

analyses of ore from 170, 194 

compared with Hendrickson bank 179 

production of 817 

Land, value of in southern Missouri 404 

Lawrence county, Ark. , Iron ores In 283 to 289 

analyses of 286 

Lead, crystals of hematite often mistaken for 19 

occurrence of in Ozark mountains 94 

occurrence of with specular ore 158 

smelting. Iron ore as flux for 165, 816 

and zinc ores, concentration of by natural forces 147 

Leaning out, explanation of 55 

LEEPER, Capt., information furnished by 316 

Lehigh, Penn., llmonite ores of 194 

Lemon, Thompson, llmonlte deposits on land of 234 

Leora, analysis, of ore from 161, 178 

limonlte deposits near 161, 176 

Leslie. Prof. J. P., cited on formation of iron ores ...54, 187 

Lbstervillb bank, decrlptlon of 254 

Letcher mine, production of 215 

LETTER OF TRANSMITTAL ▼ 

Lewis mountain, analysis of ore from 47 

Lewis, T. T., assistance rendered by ix 

information furnished by 312, 313, 818 

Limestone, deposition of under overhanging porphyry cliff 20 

for flux and blast furnaces 205 

Magneslan, analyses of 206 

tendency of to form lenses in sandstone 106 

U 'ION1TE district, In south Missouri 218 

LIMONITE ORES 4,168 

analyses of 161,170,178,175,177,178,194 

28 
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Madison Iron Company, organization of 307 

Magnesian limestones, classification of vli 

limonite ores in 13 

Magnetism in ores of Iron mountain... 41 

in ores of Pilot Knob 41 

in ores of Shepherd mountain 41,46 

Magnetite ores 3 

in Missouri 12 

Mahan land, limonite deposit on 251 

Mammoth spring, Arkansas, fed by streams from the Grand Gulf 91 

Masset and James, early mining in Phelps county by 310 

Matthews mountain, description of 247 

Mattnky Jamk8, limonite deposit on land of 251 

Maxfield, J. C, limonite deposit on land of 273 

Mediterranean Port, analysis of ore from 197 

Meek, F. B., cited on correlation and description of rocks of Moniteau county 97 

cited on occurrence of Saccharoidal sandstone in Miller county 98 

cited on occurrence of Saccharoidal sandstone In Morgan county 98 

Menke, Prof. A. K., analysis of Arkansas iron ores by 284, 285 

Meuamkc Bank, analysis of ore from 155 

occurrence of chert at 120 

production of 310 

Me ram ec Furnace, timber for charcoal used at 203 

Mkramec Iron Works 329, 331 

mbramkc 6pring \ 91 

MhRCH, Mr., cited by Dr. Litton on Iron mountain porphyry 23 

Metamokphi.sm, evidences in Ozark region 142 

local in Ozark region 144, 145 

Meteorites, iron in 1 

Michigan, yield of iron from ores in 195 

Midland Blast Furnace Company, occurrence of limonite reported on land of 263 

Mammoth Spring, Arkansas, occurrence of limonite near 800 

Manganese, effect of in iron and steel 10 

in magnetic iron ores 3,4 

occurrence of with crystalline rocks 20 

occurrence of in Ozark region 94 

usually found with chert 95» 

Mann bank, description of 272 

Map of iron ore localities In Missouri vill, 148 

Mapping, detailed, projected to cover iron ore districts vill 

Marbles, magnesian limestone* not 143 

Marble Cave, underground stream in 91 

Marble hill, limonite deposit near 176 

Marbct, C. F., joint author, iron industry of Missouri 303 

work done by 817 

MARCA8ITE, occurrence of limonite pseudomorph after 191 

Maries county, character of country 88 

occurrence of fossils in saccharoidal sandstone in Ill 

saccharoidal sandstone in 97 

specular ores In lltj. 

Markets, for iron 206 

Marmaduke BANK 281 

analysis of ore from 175 

Martin, Andrew, limonite deposit on land of. 261 

Maryland, yield of iron from ores in 195 

Mason and Chrkson, limonite deposit on land of 272 

Midland furnace 318, 829 

ore charged at 157 

Miller bank, description of 239 
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occurrence of llmonlte reported oo laodof .. _. fa| 

Muhikll, L. W-, llmonlte depot) led on land of mi 

Miter's bank, descrlptloo of . . «s 

analraliof ore from . in 

Kisoj, F. L,, work of tI 

Nbiohboki, John, llmonlte depoalloo land of rn 
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New Madrid county, bog ore in , 217 

New York, deposits of magnetic ore in 66 

yield of Iron from ores In 196 

Kifong bank, description of 235 

analysis of ore from 178 

Nomenclature of rocks of the Ozark region 14 

North Carolina, yield of Iron from ores in 196 

Nova Scotia furnace 829 

Ocher, occurrence of at Lamons mine 168 

red, occurrence of , 4 

Odom,B. D. tract, Arkansas, llmonlte deposit on 307 

Mrs., limonlte deposit on land of 258 

Ohio, yield of iron from ores in 196 

Old Copper Hill mine 219 

Old Diggings, red hematite at 280 

Old, J. B., bank, description of 171 

analysis of ore from 173 

Judge J. B.,limonite deposit on land of 162 

Oolitic chert, occurrence of 45 

structure of 142 

Orbs of Iron, definition of.. 1 

Organ and Sweinbt, limonlte reported on land of 263 

Organic acids, leaching of rocks by 140 

Orchard bank, analysis of ore of 154 

description of 222 

Orb deposits, location of in Missouri xli 

at Cherry Valley, conditions affecting extension of 134 

Oregon, > ield of iron from ores In 196 

Oregon county, fossils found in Grand Gulf and Greer's spring 91 

llmonlte deposits in 161,162, 164, 171, 174, 248 

production of limonlte in 317 

O'Rbilby, P., occurrence of limonlte reported on land of '. 242 

Orthocbratitb, occurrence of In Saccharoldal sandstone 97 

Osage county, character of country In 88 

occurrence of llmonlte In 174 

saccharoldal sandstone 98, 112 

Osage district of limonite ores 158,174, 201 

Osage furnace and iron works 81, 83, 315, 829 

Osage river, as a means of transportation 83 

meandering course of 89 

flood plains along 87 

ted hematites deposits on 81 

Osgood, L. 8., limonite reported on land of 278 

Otter Creek bank, description of 274 

Owen's, Jos., deposit of limonlte on land of 252 

Ozark countt, limonlte deposits In 250, 253 

occurrence of fossils in 211 

Ozark district of limonlte ores 158, 159 

Ozark furnace 313 

Ozark group, paleontology of no 

Ozark Land Co., deposit of limonlte on land of 274 

Ozark Lumber Co., llmonlte reported on land of 263 

Ozark mountains, description of 85 

highest elevation of 17 

specular ores In 18 

structure of 159 

Ozark uplift, drainage of 89 

general geology of 85 

geological horizon of the rocks 17, 93 

origin of name 85 
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early history of 
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production of ore at 807 

prospecting near * 65 

section through ore body 85 

slate at 40 

thickness of sedimentary rocks near 80 

veins of hematite of small size occur 21, 22 

Pilot Knob company, Information furnished by 84 

Pilot Knob formation, probable process of OS 

Pilot Knob furnace 319 

Pilot Knob ore, origin of 86 

analyses of 45, 46, 48 

character of 84 

composition of 45 

massive 86 

Pilot Knob ore bed, formation of 61 

Pipe ore, at Cedar Hay mine 163 

origin of 4 

Pipes of iron ore, growth of 187 

Plank mink, description of 223 

occurrence of chert at 120 

.occurrence of limonite at 1U6 

Plate and Sheet Mills 331 

Plate and sheet iron and rolled iron, production of in Missouri 834 

Plateau region, of the Ozark uplift 86 

Plates, list of In this report xxlil 

POBLICK8 nvNK, description of 235 

Pomeroy mine, description of 223 

Pond i- r, A. J., Lmonlte deposit on land of , 212, 258 

Ponder, D. K., limonite deposit on land of 258 

Porphyry, apparent bedded structure of 18 

atCcdarhill 40 

color modi fled by proximity to iron deposits 18 

decomposition of in situ at Iron mountain 25 

origin of 17 

Pilot Knob, structure of 39 

relation of, to Cambrian rocks 20 

spheroidal weathering of 25 

ore region, work In xlil 

PORPnYRY region, in Cambrian times 57 

specular Iron ores of the 16 

Potter, Prof. W. B., analyses of ores furnished by 43,45 

assistance rondercd vili, ix, xili 

cited on occurrence of iron ores in Lincoln county 72, 82 

information furnished by 34, 65. 305, 307, 318 

Pratte, Jos., original grantee of Iron mountain tract 305 

Pratt, Wallace, limonite deposit on land of 40 

Preface, of this report XI 

Primrose hill mine, description of 231 

Prospecting for iron ore, results promised «8 

for red hematite ores, how conducted 84 

for specular ores 214 

in sandstone region lines for 147 

in the porphyry region «7 

Pulaski county, Koaring spring yi 

specular ores In 116 

Pumpelly, Prop. K., cied on appearance of porphyry at Cedar hill 40 

•' •• description of topography of the porphyry region 16 

" *• erosion in Archsean and Cambrian rock* 5i» 

" " occurrence of maganesc In Iron county 20. 94 

l'URCBLL, H. B., limonite deposit on land of 2f»4 
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Puxico, analysis of limonlte ores near 177 

occurrence of limonite deposits near 161,176 

Pyritb, Iron found an lj 

occurrence of, at Cherry Valley mine 198, 144 

" "at 8cotiabank ' 144 

" " limonlte pseudomorph after 191 

Quartz, occurrence of at Cherry Valley mine 137 

" " at Iron mountain 20, «5 

with magnetite iron ores 4 

crystals, fluid cavities in 137 

River bottoms, in the Ozark uplift 87 

Riverside, occurrence of Ozark fossils at no 

section meassured near 104 

KOBBIN8 bank, description of 236 

Roberts, T. W., occurrence of limonite reported by 267 

Robertson, J. D., assistance rendered by ix.xi? 

Information furnished by 137 

Rocks, iron as coloring matter of 1 

ROGERS, H. D., cited on igneous origin of iron ores SO 

Rogers mill land, description of 230 

Rogers mine, description of 225 

Rolla, Lower Carboniferous rocks near as 

Rolling Mills and Steel Works 39) 

Roubidoux river, navigability of 86 

Robidoux sandstone, definition of 114 

origin of term vii 

specular ores In 117 

Rowley, Prof. R. R., assistance rendered by 110,112 

Rubottom, L., occurrence of limonite on land of 275. 

Russell mountain., production of ore at 807 

Ratenden Springs, Arkansas, limonite deposits near 296 

Ragan, T. B., occurrence of limonite on land of 249 

Railroad bank, description of 275 

Randolph county, Fray's mill, bog iron ores near 14 

Arkansas, analyses of iron ore In 283, 2*.*8 

iron ores in 2ri 

limonlte deposits in \$i 

Ranken.Thos. Jr., occurrence of limonite on land of 25« 

Raymond, Mr., occurrence of limonite deposits reported by 263 

Reaser, J. 15., occurrence of limonite reported by 262 

Red Hematite district xiii 

Red Hematite ores, accessibility of M 

cobt of mining ^ 

extent of deposits *- 

geological horizon of ^ 

of Missouri, reference to *° 

of Missouri, source of *- 

of Missouri, value of ^ 2 

production of ^ 

Red Hill mine, description of -- 5 

Red Point land, description of ^ 

Reese creek bank, description of -•* 

Reynolds count y, crystalline rocks in ^ b 

deposits of specular ore In sandstone in *^ 

limonite deposits in - ^ 

porphyry in - ^ 

Revelle, J. W., limonlte deposit on land of - - "' 

Rhode's bank, description of - - ^ 

Richwood's bank, description of - - 
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county, Doniphan river bottom at 87 

ltmonite deposits on land of 254, 268 

Sacgharoidal, origin of term 97 

8accharoidal or First sandstone, description of, by Swallow 108 

Identity of 112 

In Cape Girardeau county 99 

in Crawford county 97 

In Marios county 97 

in Miller county 98 

in Moniteau county 94, 97 

In Morgan county 98 

in Osage county 98, 112 

In Phelps county 99 

In Saline county 98 

In Ste. Genevieve county 99, 100 

origin of name 90 

St. Charles car Company 882 

St. Clair bank, analysis of ore from 156 

8t. Clair county, ltmonite deposits in 260 

occurrence of llmonlte In 174 

occurrence of red hematite In 75, 80, 281 

St. Clair limestone, occurrence of in Arkansas 28S 

St. Clair county, ores of, accessibility of 83 

Ste. Genevieve county, First Magneslan.lt mestone In , 100 

Magneslan series in vll 

occurrence of Saccharoldal sandstone in 99, 100 

Second Magneslan limestone in *. 101 

Second sandstone in 101 

Third Magneslan limestone In 190 

St. Francis bank, description of 2S9 

analysis of ore from 177 

St. Francois county, crystalline rooks in 16 

Doe Run, relation of granite to limestones , 21 

llmonlte, production in 816 

Magneslan series in vll 

porphyry in 18 

total production of Individual mines 822 

St. Louis and San Francisco Railway, assistance rendered by ix 

St. Louis artesian wkll, reliability of section of 104 

St. Louis, Cape Girardeau and Fort Smith Railway, opens up llmonlte ore 

districts 199 

St. Louis Car Co 332 

St. Louis Car Wheel Co 382 

St. Louis Ore and Steel Co 3it», 330, 331 

St. Louis Ore andStebl Works, organization of 307 

St. Louis Sampling and Testing Works, analyses by 78, 170, 173, 177 

St. Louis Shovel Co 330 

St. Louis Steam Forge and Iron Works 330, 332 

St. Louis Wire Mill Co 331 

Saline county, red hematite deposits in 75, 80 

Saccharoldal sandstone in 96 

Saline creek, Ste. Genevieve, Second sandstone on 101 

Third Magneslan limestone on 102 

Salem, analysis ol ore from near 154 

Salem and Little Rock Railway, opens up limonite ore district 200 

Salisbury, Conn., ltmonite ore of im 

Sanders, J D., information furnished by 318 

Sandstone, altitude of, at Cherry Valley 133 

at Cherry Valley 133 

ferruginous, often taken for iron ore 118 

Induration of 115 
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Sankey, Messrs., assistance rendered by xl T 

Sankey, E R., assistance rendered by ^ 

information furnished by 314 S18 

Santee and Clark's mine, description of 228 

Schmidt, Dr. A., cited on analyses of limonite ores 175 

cited on appearance of Iron mountain in 1872 24 

cited on character of limonite ores of Mississippi district 17$ 

cited on classification of supposed specular ore jgo 

cited on description of Cherry Valley mines in 1872 130 

cited on descriptions of iron ore localities 218, 28» 

cited on description of Simmons mountain in 1872 123 

cited on description of specular ore bodies 120 

cited on flow of Meramec spring 91 

cited on Iron Ore Report of 1872. v,xli 

cited on origin of chert 129 

cited on section of ore bank in Callaway county 77 

referred to 47,116 

Schmidt, A., assistance rendered by xiv 

Scotia Iron Furnace 311, 329 • 

8cotia banks, analysis of ore from 156 

occurrence of py rite at 144 

Scotia Mines, Nos. 1 and 2, description of 202 

Scott, Mr., information furnished by 318 

Scott county, bog ore in 217 

Sea water, deposition of iron from 141 

Seay, Judge A. J., Information furnished by S18 

occurrence of limonite reported on land of 263 

Second Magnesi an limestone In 8te. Genevieve county 101 

Second sandstone, description of 10* 

character of 97 

Ste. Genevieve county 101 

specular ores in 117 

Sedimentary deposits, altered, veins of iron ore are not 51 

Segregation, veins of iron ore not veins of 51 

Settle, E. P., occurrences of limonite reported by 278 

8etz, G., Information furnished by 316 

Shaft hill, red hematite deposit at 280 

Shannon county, Archaean rocks in *>* 

Cavj Spring 91 

crystalline rocks in 18 

Eminence, copper deposits near 95 

Jack's Fork, occurrence of copper at 2° 

limonite deposits in 162, 261, 26:*, 271 

occurrence of manganese in - ^ 

porphyry in - ls 

Itonnd Spring ^ 

Sinking creek y * 

specular ores in ^ 6 

Sharp county, Arkansas Iron ores In Sfc*^. 26 

analysis of - 285 

Shaw, David, limonite deposit on land of - - l5 

Sheldon bank, description of *® 

analysis of ore from l ' t 

Shepherd mountain lh 

analyses of ore from - 
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character of ores at 

.49 

complete analysis of ores 

description of 

erosion of ^ 
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largo veins of hematite at 22 

ore deposits of 41 

production of ore at 307 

prospecting near 65 

thickness of sedimentary rocks near SO 

veins of hematite well exposed 19 

reins of hematite well developed . 21 

BnPHKRD MOUNTAIN ORES 46 

Bhicklb, Harrison & Howard Iron Company 3t2 

&HOBMATB, Knooh, Umonlte deposit reported on laud of 266 

Shrout's bank, description of 240 

analysis of ore from 178 

Shuck and Munsbll, Messrs, occurrence of limonlte reported by. 263 

8HUMARD, Dr. B. F., cited on early history of Meramec ore bank 310 

cited on Saocharoldal sandstone 97 

cited on occurrence of fossils in Jefferson and Wright counties Ill, 112 

cited on occurrence of fossils in Maries county Ill 

cited on occurrence of fossils In Miller county Ill 

cited on occurrence of fossils in Ozark county Ill 

cited on occurrence of Saocharoldal sandstone in Cape Girardeau county 99 

cited on occurrence of Saocharoldal sandstone in Saline county 96 

cited on section of rocks In Ste. Genevieve county 102 

cited on occurrence of Saocharoldal sandstone in St. Genevieve county 99, 100 

section of Ozark series in 8te. Genevieve county 98 

Shut -In, earliest furnace in Missouri erected at 304 

production of ore at 307 

8IDBRTTB 3 

In Missouri 12 

Silica, effects of in ore for steel making 9 

in conglomerate ores 45 

Silver, crystals of hematite often mistaken for 19 

occurrence of in the Ozark region 94 

Simmons Mountain and Cherry Valley, comparison of 136 

formerly a lime sink 128 

occurrence of chert at 119 

occurrence of limonlte at 198 

occurrence of py rite at 119 

8immon8 Mountain mine, description of 123, 148 

product of 312 

8emmon8 Mountain orb 1*4 

8IRGB&, Nimick A Co., occurrence of Umonite on land of 276 

Slate, at Pilot Knob 40 

8LIOO bank, description of 223 

analysis of ore from 1*4 

SUOO FURVACB. 329 

ore charged at 157 

Sloan, W. C, tract, Arkansas, limonite deposit on . 294 

SMallet, II. H., occurrence of limonlte on land of 268 

Smith, David, Umonite deposits reported on land of 242 

Smith, Denj., limonlte deposit on 285 

Smith, Geo. C, assistance rendered by lx 

Smith mines, description of «8 

8MITH, N. II., Umonite deposit on land of 287 

Smith, Pleasant, Umonite deposit on land of 276 

8mith, Tyrbb and Howard dank, occurrence of limonlte reported at 246 

8mtthvillb, Arkansas, Umonite near 290 

8MITH, W. J., limonlte deposits reported on land of 266 

8NEATHEN A Co., Umonite deposits on land ot 276,277 

Soil, In southeast Missouri 18 

Iron as coloring matter of 8 

of the Osark Uplift 88 
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.South Missouri Land Co., limonite deposit on land of » 

llmonlte deposit No. 1 on land of 31 

liruoulte deposit No. 2 on land of * 

South St. Louis foundry  

South St. Louis furnaces  

Spain, yield of Iron from ores of Hi 

Specular ore field, work in iB 

Specular ores, composition of • 

dehydration of Ml 

geological horizon of * 

of the porphyry region zil» II 

of the porphyry region of secondary origin O 

Specular ores in PORPHYRY, tota I production of by counties » 

Specular ores :>kthb sandstone region, origin of xiil,UI 

composition of M 

contrasted wilh porphyry ores IB 

distribution of  111 

geological horizon US, 117 

production of » 

relation of, to sandstone Ml 

section of 13 

total production of, by counties Stt 

Speers mountain, Mnionlte deposit on 271 

Spiegel iron W 

Spiva bank, analysis of ore from 1W 

Springs, of the Ozark mountains 9 

Stanton bank, analysis of ores of 136 

Stanton hill bank, description 2tf 

Steel, open hearth process 9 

production of 8 

uses of * 

Stbklvillr iron mines, production of.. 220,31$ 

8TEPUEN, W. W., occurrence of Umonlte on land of 298 

Stewarts hank, description of IS 

Stimson mink, description of 2J3 

Stoddard county, analyses ot limonite ores from 1S3 

limonite deposits in 161. 263, 2* 

Pu\ico, river bottom at £ 

Stonk county, Marble Cave i'l 

Stoops, 1'., occurrence of hmonlle on land of 2£? 

Strawberry, Arkansas, supposed depoMts of llinonlte near "21*4 

Sulphur, abundance of, In Cambrian rocks ... 1U 

eirect of on steel l'J 

in Arkansas, llmonilce 234 

increase of in depth at the Lamons mine 170 

intluenee of ore on relative values of Iron ores 7 

in iron ores 4 

injurious ell'ectf in steel 10,11 

in specular ores of the sandstone region. . 118, 153 

not injurious to pig Iron 1° 

Surface prospects, unreliability of data from xl 

SUTTON, T. J., occurrence of limonite on land of *2tT7 

Swallow, Prop. (;.<\, cited on correlation of the Ozark series % 

cited on description of Saccharoldal sandstone 103 

cited on description of Second .sandstone 103 

cited on early attempts at Iron Mnelting in Missouri cW 

Swamps, on southern slope of the Ozark uplift jS 

Swank,. Jamks M., cited on the history of iron smelting SOJ. 30T» 

statistic-* quoted from. 3S3 
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bank, description of 240 

county, fossils found in ill 

, Mr., occurrence of limonlte deposits on land of 858 

Dr., assistance rendered by xiv 

mime, description of 223 

's Bolla mine, description of 22H 

, yield of iron from ores in I»7 

Blub creek, Second sandstone on 101 

, Henry, limonlte deposits on land of 244 

8, yield of iron from ores in 197 

COUNTY, deposits of specular ore in 116, 280 

limonlte deposits in 27, 200 

topography of 80 

Grand Gulf near 91 

THZLBNIUS, O. C, limonlte deposits on land of 265 

, value of as bearing on the Iron Industry in this State vl 

Magnesian limestonk, occurrence of in Ste. Genevieve county 102 

THOMAS, Wm., Umonite deposit reported on land of 268 

Tbomasville, limonlte deposits near 171 

Thompson mine, description of 220 

THORNTON mine, description of 229 

Thurmond mine, description of 224 

bank, description of 286 

, for charcoal, comparative value of 202, 208 

PLATE works » 382 

TRANIC acid, Influence of on relative values of iron ores. 7 

Titanic acid, in magnetic iron ores 8 ; 4 

Thompson, F., occurrence of limonlte reported by 260 

Topographic changes involved in formation of Iron deposits 57 

Topography, changes In porphyry regions ' 57 

of the porphyry region 16 

of the Ozark mountains, development of 159 

Towbll, I. M., Umonite deposit on land of «... 259 

occurrence of Umonite reported by 260 

TOWBR, Geo. F., Umonite reported on land of 277 

Transportation facilities, of the limonlte ore districts 199 

, C. A., manufacturing company 382 

, on the Ozark mountains 98 

Trenton limestone, iron deposits in 72 

Tripp, G. W. a Umonite deposits on land of 262 

Tudor Iron Works 330 

Turoitb, occurrence of ISO 

Turkrt hill, description of 236 

Undermining, of Ozark sandstones 109 

Union 8tebl and Iron Company 880, 331 

United States Geological Survey, cited on production at Iron Mountain 306 

▼alls Forge, iron manufactured at 305 

Valleys, In the Ozark uplift 87 

Values of Missouri iron ores, estimates of 827 

relative, of iron ores C 

•« " " " altered by Impurities 6 

" •• " " factors determining G 

•• •• •• " Influence of deleterious accessories on 75 

'• " " " •• Impurities on product 8 

" " •• " " proximity to market 7 

M " " " " the p recent age of iron 7 

Vanausdall, Mb., information furnished by 26 

Van Hiss, Prop. C. R., assistance rendered by . . vlli 

cited on formation of Lake Superior ores 14"> 

cited on origin of iron ores 57 
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WOBK, plan ot Iron ore . n 
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Weight count v, occurrence of fossils in 

saccharoidal sandstone in 

topography of 

Yakcey Mountain bank 

ZINC, In magnetic Iron ores 

occurrence in Ozark region 

occurrence of, with specular ores 

ores, in New Jersey, similarity of origin to iron ores.. 
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On page xtT, eighth lice Iron top, 1 

i, fourth " " bottom, 

69, third " " top, 

VI, first foot-note, 

96, eleventh line from top, 
100, Mcond " h " . 
107,. fifteenth " " - 

110, nlxtesnth " " " 

118, foort'nth" " bottom, 
189, In Illustration rend— Width 

146, sixth line from top, f 
165, first " " " 

15S, thirteenth" " bottom, " Nos. 9 & 10 rend Nos. 11 & II. 
155, first " " " " No. 11 rend No. 18. 

I5U, first " top, " Nos. 1! & 18 read Nos. 11*11. 

163, fifth " " bottom, " grades read geodes, 

191, In foot-note " 171 " 167. 

250, second title, " Lowell " Towel I. 

957, thirteenth line from bottom, " screw " area*. 
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GEOLOGICAL SURVEY OF MISSOURI. 



SURVEY OF 1853 TO 1862. 

G. C. SWALLOW, 8TATK GKOLOGIST. 

The First and Second Annual Reports of the Geological Survey of Missouri, 
by G. C. Swallow, State Geologist, Jefferson City. 1855. Parts I and II, 
208 and 240 pp., CD illustrations and 5 small county maps. 

Contents. First Annual Report — Administrative — pp. 19-22. Second Annual Re- 
port: Introduction, pp. 25 to 58. Part I, Chapter I: Geology of Mlttsourl, pp. 59 to 
I'M], by G. (\ Swallow. Chapter II: Economical Geology, Soils, pp. 137 to 170. 
Chapter III: Special Report on Marlon county, pt>. 171 to 185. Chapter IV: Spe- 
cial Report on Cooper county, pp. 186 to 2W. Chapter V: Geology of the South - 
went, pp. 2(4 to 207. All preceding by G. C. Swallow. 
Part II : Report on Lead Mines and Mining of Southeast Missouri, In the counties of 
franklin, JenYr*on, Washington, St. Fruucols and Madtaon, pp. 1 to 94, by A. 
Litton. Special report on Moniteau county, pp. 95 to 119. by F. IS Meek. Descrip- 
tion of the formations along the Hannibal A St. Joseph Railroad, with a catalogue 
of fossils* collected, pp. 121 to l.W, by F. Ilawn. Geological Section on the Mtsida- 
Mppi river, pp. 139 to 157; Special report on Franklin county, with map, pp. 157 to 
1B9: Special report on St. Louis county, with map, pp. lft) to 184 ; Paleontology, 
including a description of 48 new t-peclcti of fosMIs, with three platen of same, pp. 
1S5 to -2i »8. all by IS. F. Shuinard Appendix, :S1 pp., containing a list of publications 
previously made relating to the Geology of Missouri ; a paper on the use of fos- 
sils, a catalogue of the fossil* of Missouri and of her trees and shrubs, and a 
glossary of geological and other bcicullllc terms. 

The Third Report of Progress was transmitted in December, 185G, and is of 
4 pages. It recites briefly what work has been done daring the years 1855 

and 1850. 
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The Fourth Report of Progress was made in December, 1858, and is of 14 
pages. This describes, in greater detail, the operations of the Survey 
during the years 1857 and 1858, and gives, in tabular form, a statement of 
progress to date. 

The Fifth Report of Progress of December 30, 1800, is of 13 pages and is a 
similar statement of operations during the years 1859 and 18G0, with a brief 
reference to the results reached concerning the coal, lead and iron deposits 
and the soils of the State. In this report the product of the Survey to 
that time is given in tabular form. 
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SURVEY OF 1870 TO 1874. 

A. 1). II AGAR, KAPIIAKL Pl'MPELLY AND G. C. BKOADIIKAD, 8TATK GKOLOUIST8. 

Annual Report of the State Geologist of the State of Missouri (Albert D. 
Hagar, Nov. 30, 1870), 23 pp., no illustrations. The progress of the Sur- 
vey is described and the principal minerals and building stones are briefly 

noticed. 
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